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AEStFACT 

Presented is an annual report of research and 
supported by the National Eye Institute (NEI) during the 197U fiscal 
year. It is explained that the purpose of NBI research programs is to 
detelop scientific knowledge vhich can be applied to the iaproved 
prevention, diagnosis, and treatment of visual disorders. The section 
on extraaural and collaborative programs focuses on research relating 
to retinal and choroidal diseases, corneal diseases, cataract, 
glaucoaa, and sensoryaotor disorders and rehabilitation. Described 
in the section on intraaural research are prograas of the Clinical 
Branch (such as laboratory study of ocular disease in patient) ; 
projects of the Laboratory of vision Research related to 
biocheaistry, ezperiaental eabryology, experiaental pathology, and 
neurophysiology; activities of the Office of Bioaetry and 
Epideaiology related to diagnostic aethods, incidance of disease, 
identification of risk factors, and coaparison of alternative 
treatments; and public information and program planning efforts. Klso 
included are lists of references or publications (given at the end of 
each subsection) and a list of intraaural research projects. (LH) 
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?r^trirsfe a^ai2:sr I-eaiirxit -^s^ rf aiix* i-^b^io:: iiLJ^Lliry ia 

ivt: l-iied States is hxg-lig-tec — —us r^-rr rf t^te^xn z^mimiit:^ axaa 

Nov 1- Its fiftr. irear» r!:^ -as fm^Iv tw^^ i^i^tdk ^^::oi ::f ?at$t 

research su?>ert^ rT^liMl.i-B,Tr szal^t^ ourz^ F*' I*"*^ if L^j ft^i^ m^sr 

e^q:^hasis Ir. certair ir^v areas cf re&earcr. rro^rr t.^ir.z^ z:ia i^r'^lzxmBxiz 
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training support » tre reirearcr. taDaKr::*,:::^ rr.rrni|rr rt** r^ ^r:'. Tn "f 

Eve Inatin^te vill i^e; ici^itarl^ sl'^tt- 

vli: help prenyl cbe sclet;tific bese upor vrj:.::r tECTr* *c^^xTZZ-m rzsl^n car« 

ar.d eve ilsei^e preirer^rias. prograa^ car >e Ix. ::t^ ssiunir. tine Sacl:»al 

suffering and cc:»oasic loss taiwrc eacr ^eer :n;r 11.^1:1.21 r» vMtrtrt^g ^ 
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Ite Jit: ffir CsTisr.tJ 



taa:c>r m^i^rt^vet ^ ii2SKi.:3e rr: -t«a^^— supiJort the Urgent 

pofciilticr iU5S£uer -suiSi^-r- -^-asaer-rr Tr-^^^^rs mrrs^^; ?r^«nc program 



.hfe re^e<^ xr r_ 1% ^^-sr^jsasbc ^ rjuds , as veil as an 

e:,at -.t:c trie ItjKT^rir:^ acjiraasi^^ »:ecr::.'"^«e;^ -^rhcsic Isple-nentlng 

opmer.t of re^*::^- ^ ^ ^..m-. sari^^s::^- r^r-^ foncliig disc rlbut lea 




«tGCit:;.ox ^ m^'xir^ zr ^nase^scrtn ^r^ars, r.^te Inscltuta 

r.ai^ lu-tia^^ e 'mm^ grasz:^^'* T*T:;3?r3m:. rric-^eai rne ^ St^edal 7lsual 

r€sia^r acrzi^t ijt -^ ^ .^y r^ nrxi--? :\-r3aEi^ 5rages rheir career. 

^'icefi . Tti« *lr«t . .;. -:as i, a saa9 £^ tin^; rrrs ^^a s s: '-*€trB re^^asir^hs ac rhe March 



Alth^m^h tUtt AJ2;;ni^:rat i.- i^::.^:^* pha:^^ cu!: the current * r.a.:- 
iuK *^.r^nt prxn*raia Isa t>^inr iiij; ItrnteT l^^, Fi appropriation^ Lo><t-tht.? 

with th*^ rt'li^asie cf TY in^iv^^-'cc f^rkt%^ has enabled the lastltuii- t > 

^ard total cf 4V trairur^ ir^*:- a:t ^ sapper:: level o! Sl,H57,(^Oo, 
mclvidlnc S^S'itOt^'^ cf itnvounc'r - f : r *t cotopectng applications. 

}Vl!v'W*»hip support lor.ti'- .c: ;'t ^rc^.nt c^f $162,000 frr con'jnl ^r.*-. . 
•\'r L- awardi* taad^e pTii.T I't :*^:^«:^t :f training programs, plus 
^U3i>^^^00n lor the ?»uppvrt cf t ;:^;^:ir.g m^td^. 



K Renvarch Contracts 



DtirinR Pi 1974, 19 cc^ntractt. ^^lere f at: a Cot:al co:5i: of $2 , . 

'U^vetiteen of these were exr luj^lv^elv 5:r Insttcute*s collabnrative st dv 
ti) evaluate treatment nc»dalxi;es> f:r ::ia.:::€tic retinopathy. The renaininv^ 
contrai'is were awarded fcr *Tne l«t Izziuer-t cf a ILarge-Scale Method ror 
tnt* Frrparaticn ot Rod C^uter St-pM*nti a^^^d "The Slostat isttcal AnalviSLs 
.^f !>ata »>htained frojr. the -la^ir!:.* : : :ra*ive Study." 



>> rgani gat Ion and Staffing 
I. VrOiTidT Structure 

■M m I ■ I I — .. .■■ I 

'*ver the past year, ir.t Extraxi*^*^! prc?ram& ha%re been restructured to 
refle.^r mere accuratelv :ne Irtti'^te*^ rrrgraa priorities . The new ma^or 
-rnrrar. areas ^ with estir.ateb :: Tf Ir"^ s^rttrt levels for research erants 
art- f ol lv>w*s : 



T: 1974 Research Grant Funds 



Retinal and Cnoroidal Diseases 
* orneal T)i seases 



at ara^ t 



Sen-sor^z-Motor and Rt^nat ilita: ::r. 



$9,687,000 
5,148,000 
2,718,000 
3,348,000 
6,604,000 



To acnieve this proprarr a: ic cr.er,ta: :.:r. at the operating level, pro^ 
er^*". i;rector> have been asslsrn^td basi^ cf the revised t^tructure, 

.m^: will be responsible for corriirat irig icrh contract and grant supported 
rv>^.tvtr ;r. in their designated prcj^ras^s. 5i3:ilarly, the responsibilities 
V f -^.ar -i^er^ent T>er^onnei in the 
:i t."^ reflect the sane ^r: 



Ccr:tra.cts ar^ "rants Branch have been 
•ersTi TT^rarerticnt f ras!iework. 



5 . N ational Advisory Eye Council 



In order to eHtabllah a sound basis for Institute program planning 
Activities in each program area, a subcoranittee of the National Advisory 
Fvt* (ouncll has been established to reviaw current research support and, 
wUh the advice of scientific and technical experts in specific program 
ari^as, formulate recommendations regarding program balance to be Lram»- 
mictt»d to the full Council. Review of all programs is expected to be 
v'ociplfred by November 1974. 

1 • V i:aion Research Proaram Committee 

At» p.irt of the recent review of Federal advisory committees, the 
Institute proposed to eliminate training grant and fellowship review from 
tht^ functions of the Vision Research and Training Committee, and broaden 
Its sphere of activity to include not only the review of special project 
>?rant applications, but also participation in Che analysis of extramural 
programs and In advising the Institute in its support of specific research 
arean. It was also proposed that the committee be renamed the Vision 
Research Program Commitcee, and a revised charter reflecting these changes 
was approved bv the Secretary, HEW. 

4 . Establishment of Data and Analysis Unit 

In response to increased data requirements for analysis, reporting, 
and niana«ement of Institute programs, a data and analysis unit has been 
t»Htabllshed in the Of fice of the Associate Director. Initial efforts have 
bt^zun to develop a comprehensive information system which will serve as a 
resource for extramural operations as well as provide analytical data for 
program planning, budget formulation, and reports. 

5. Staff Changes 

The following personnel have been appointed to key positions in the 
Extramural and Collaborative Programs during the past year: 

Dr. Wilford L. Nusser Chief, Scientific Programs Branch 

and Acting Program Director, 

Glaucoma Program 
Dr. Luigi Giacometti Program Director for Cataract and 

Corneal Disease Program 
Dr. Israel A, Goldberg Assistant to Acting Program Director, 

Glaucoma Program 
Dr. John B. Mathis Program Director for Sensory-Motor 

and Rehabilitation Program 



RETINAL AND CHOROIDAL DISEASES 



The KEl Retinal and Choroidal Diaeaaes Program ia divided Into six dis- 
ortit»r art^a*^: Circulatory Abnormalities, Vitreoua Degeneration and Retinal 

t aclmtMvt , ?Wi^lopmental and Degent^ratlvo Abnormalitiea , Maculopathii^a , 
TtMiors, and Uveitis » 

C I \{i :tn. ATv^^RY ABNO RMAL ITIES 

T])K^He disorders » which may be due to environmental influencea or heredity ^ 
tnclude development, obliteration, tortuosity, occlusion of blood vessels, and 
htnnorrhn^e* They may include auch clinical diseases as retrolental fibroplasia > 
diahftic retinopathy, and macular degeneration. 

Pn-r^tinal vitreous monitoring of oxygen has been proposed as a useful 
mctliod or studying a variety of conditions of retinal toxicity and degenera** 
tion in whlctj retinal blood flow ia an important factor^ Dr» Noble David and 
aj^Mociatea at the University of Miami have continued to use fluorescein 

densitometry for studying the relationship of blood oxygenation to retinal 
blood flow. The rhesus monkey has served as the animal model in which con*- 
strict Ion of major retinal arteries and veins during hyperoxla and dilation 
durin^:^ hypoxia were demonstrated^ Retinal blood flow Increased considerably 
in hypoxia and showed a moderate decrease in hyperoxla* These findings indi- 
cate that the retinal circulation parallels that of the brain in adjusting to 
chanRes in the arterial oxygen partial pressure (PO2) with compensatory changes 
In blood flow. These investigators continue to apply techniques for quantita- 
tive measurement of relative retinal blood flow compared to such variables as 
blood pressure, blood volume, hemorrhagic shock, and optic nerve atrophy. 

The pathogenesis factors which determine the evolution of different vas- 
cular patterns and techniques of altering hemodynamics to prevent retinal 
complications in patients with branch retinal vein obstruction are being studied 
hv Dr. Frank W. Newell and his colleagues^ »5 at the University of Chicago. 
The retinal vasculature of patients In these studies have been followed for 
periods of up to five years utilizing fundus photography, fluorescein angio- 
>?raphy, and measurement of arterial perfusion pressure. The long-term 
fluorescein angiographic assessment and vascular dynamics of these patients indi- 
cate that they can be classified into four major groups: Group I includes 
patients In whom arterial perfusion pressure, retinal circulation time, and 
v-isual functions remain normal; Group II ir^cludes patients in whom arterial per- 
fusion pressure is normal, but there is some delay in the retinal circulation 
time; Croup III Includes patients who demonstrate an Impaired arterial perfusion 
and retinal circulation time demonstrating marked venous stasis; and Group IV 
includes patients in whom arterial perfusion is grossly impaired and retinal 
circulation time shows gross venous stagnation* 

Careful quantitation of an experimental model of retinal eachemia and 
vascular proliferation may assist in the identification of factors associated 
with retinal vascularization and proliferation. Dr. Arnall Patz and associates^ 
at Johns Hopkins Medical School are conducting a study to determine the optimal 
levels associated with production of retinal capillary and small vessel 



iv»u-!HM Juslou* Tht* ri'Hpom^i i > r^'lati.i^lv ] irear up tn a po.^ ot arrri > i natoly 

»n?rt ik'» UiSiaiiuHl levels h> ihiK i*in>U' i>roJuv:iHi chany* s with tin* 

*-rirv vMniUarv non-pen usloru as »k»un*?^ini*d bv f luv)rf HC'^-an anKiuj^^i.^iiiv, 

:n the ^oJr^tt* of ?^tudv of r^'titiai Mootl flow In rhomiiinl ant? rotn,.xl 
va^i ui.iturc-, '^r. Arnal 1 rai;'7»'^ .rul a^.^vu^^aLeh, in coU i?borai i vui wit! th 
A;>pUtvl Phv-»irs Laboratory al Jobti:"* li. pklnH rnivernlty, l)nv»? rb ir^'ns i r.it iv; tbnt 
!t>^ ' ,Mo;ni* rroeii <lvf vlll pornii irtrartn! ahnorption any* ioj'.raphv of i iinr- 

ial tiilmv. The li-nliations of nuoroscoin dye are eliminated b\ m-u^ .^r ^n- 
vi.i.^vanii;*^ .jren. The appUcariiM^ of Infrared abnorpiion angior,raphy \<\ tnc 
-^irnilr moou-, ^Uiuiv of choroidal an.i retinal circulation is in p^^-^K^"*-*-^ ^^'-^ will 
P»M^-l? ei i?*vcsMr:aiion of tla- » r^nt ribut ion of the choroidal and rta'iial circu- 
lar irn to retinal oxvvtenat if>n. Rout ire choroidal circulation can be cb« t>rved 
ihr^nici^ s ir'il t aneous photop,raphv of choroidal and retinal clrcnlat lon^ . 
Sw%'lUv,i: the v)ptic eup , called papilledema, has been produced :n i^xner i:-.er,tal 
mode I H !»v it;o use of Intr/.cranlal Kurgery. Dr. Mark 0. Tso and assor iaio^? at 
i!io Ar-t* ! Forces Iruuiiute ai Pathology have been using experlmcfntal modelf^ 
croated l^v in.^reisinr. intracranial prenstire nonsurgically or by lower ii \ ^ntri- 
ovi.l H prtvsvurf'. The mechanii^n of breakdown of the optic nerve-blood barrier 
:n xh.v optic di<c is currently being studied. The leakage of fluid from iho 
vasculature of the optic disc and portfiihle from the peripapillary choroidal 
plvxi^s I.. pa;ulledenu is being investigated by use of his tochemical techniques 
wiiix^h en:^I >v horsv.*radi.^h peroxidase as a tracer substance^ Intravancular 
IP Section oi tl^is en^vfne an a tracer will show areas of localized dlt^ruption 
or h!oi>doptIc nerve barrier. 

*'ht aniT. il model for papilledema has been produced by x-irradi at ion of 
the r:.*J:i oc' ipital lobes of rhe::yuii monkeys* Of thirteen monkeys irradiated, 
four iievi'lo^ed full papilledema, three showed mold edema of the optic disr^ 
whili' tic rtT.atninR six developed atrophy of the optic disc. Those animals with 
papilledema also showed an Increase in Intracranial pressure* Electron micro- 
scor*: • r.tudv of the optic disc of animals with papilledema demonstrated swelling 
as Will js fluid accunulation in the intercellular space. Extension of this 
work bv usf> of animal nodels will be of assistance in understandinp the patho-* 
.'.enesi^ .^f papilledema* Tlie relationship between the peripapillary choroidal 
and the central retinal circulations with increases in Intracranial pressure or 
deer, a-^e^: intraocular tension may be defined. 

nr. David J. Apple^^ and associates at the University of Illinois have 
de*4lp.ned a studv to analyze the efficiency of argon lasor burns of blood vessel 
cloHur ^ or obMteration and to analyze factors relatlnfj the movement of fluid 
berweon vari'^us retinal and choroidal components, yionkeys have been subjected 
to photocoagulation treatment with subsequent histopathological and electron 
micror;copic analyses. The results show that specificity of vascular effects 
ascribed t^) the argon laser is unfounded. The investigators have never found 
a dcstroved or occluded vessel in the absence of significantly destroyed nerve 
jiher 1 IV. r parenchyma. In addition, choriocapl llaris closure has been a 
ron^t int • ind inp , 



t>H*Hi? dtf^ordeni Include rhegmatogenous antd other retinal d^^^t&chmet tn due 
t ) vitrvuus \ ihet formation and Bhrinkage> and vitreou« liqulf Icatlvm and opa- 
t ir xca* fin* 

t he r 1 n I lH; y f 1 vj fitnj^^ 

An iucreasvd underBtandlns of the biological role of hyaluronic acid in 
V, n' vicrecuj* mav lead to thu possible use of this biopolymer to control inflam- 
ir.iiif^n and r^iitnacr^it Ive procesi^cs* Further characterlzution of the struct'ire 
v f hv.Uuronlr acid in solution and m a solid could be important in the possible 

trapeutic a-Hv? oi hyaluronic acid» In addition > the vitreous is Ubeful in 
Chi- -tudv tvf Klosyntht?<*iH of biopolymers* It may be viewed as a simple connoo** 
livi* ti.sHue. nr» Endre A. Balaass^^ and atsaoclates at the Boston Biomedical 
HiVHCMrch Institute have been studying enzymes Involved in the syntliesls of 
vl'real components. They have alao been Investigating the role of salts &uch 
as ulum chloride on the awelling properties of vitreous gel. It ha^? been 
^vii;>;t*tiCt*d that the biopolymers may serve as volume regulators^ for gelt^ such 

M.ynnrani* Development 

Investigation of vitreous membrane formation development as a consequence 
oi hetnorrhage and intraocular inflammation is in process under Or- David A» 
'^wann^* and annociates at the Retina Foundation in Boston. Th^y find that 
virreoui ncmbranes may develop because of plasma clotting or aggregation of 

bidets. This group of investigators has conducted studies which document 
the effects of injecting platelets with or without plasma into the vitreous 
tavlcy. It now appears that when blood components are released into the 
virrt-ogH cavity » intact platelets play a role in the instantaneous formation 
o: mt^nbraneb. The vitreous membranes can be formed In the absence of plai^ma 
proteins provided the platelets arc physiologically functional • In some re- 
spvct^, platelet membranes resemble vitreous floaters which are seen clinically, 
Placel^t-lnduced membranes are. not accompanied by a proliferation of fibroblasts 
and fibroblastic membranes which may lead to retinal detachment, 

enucleated human eyes are being examined by Dr. Robert V# Foos-^3 and 
.i^t.-.ociares at VCIA, He has observed a prevalence of proliferative vitreo- 
retinopathies which resulted from complications of ocular disease or surgery • 
Thi<^ high incidence indicates the need for a better understanding of the under** 
Iving events and the relationship of these events to more complex lesions which 
Icrid to blindness. The proliferative lesions at the juncture of the vitreous 
and retina range from simple epiretlnal membranes to processes in which both 
fibrous and vascular components lead to retinal detachment. Epiretlnal membranes 
^ivv delicate strands on the surface of the retina* Their cause Is poorly undcr- 
atocd and has been the subject of study by Dr. Foos. They are found in 
as^-ociarlon with developmental* Inflammatory, vascular, and mechanically produced 
lesions. The experience in Dr. Foos* laboratory Indicates that the membranes 
. ru:inate in the glial cells which become mitotic through a variety of stimuli. 
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l>r» MlKu^l t*. Ristfojo^ and asuociataH at the Retina Foundation^ Baa ton, 
point out that tn caaeH of severe vitreous traction these is need for a material 
wt^lch will tamponade the retina against the choroid during formation of chorol- 
retinal adheialon and will not pass through a r«^tinal break. Dr. Refojo han 
b^4?n duvvlopin^^ synthetic polymers similar to the natural vitreous body of the 
eve* The sel niunt biJ ini^^ctable and must not hinder vision by scattering light* 

DEVia.dPMKMTAL AND DEGENERATIVE ABNOHWAI.lTtES 

P i v;m_e_n I Hp i t h e 11 um 

This is a Hlngle layer of cells in the retina which contain varying 
amount?^ ot pigment. These cells are firmly bound to Bruch*s membrane which 
in bound to the chorlocapi Harts* The Intimate relationship between the photo- 
receptorH and their blood supply suggests that the pigment epithelium has a 
critical role In the maintenance of the photoreceptors. The pigment epithelium 
han been Implicated in clinical problems of maculopathles, retinal detachment » 
vlHual pigment Hvnthesis^ removal of ro<t outer segment debris > and information 
pTocessing as implied by its contribution to the electroretlnogram. Due to an 
awareness of the implications and critical roie of the pigment eplthellumi 
new concepts .a the pigment epithelium Involvement in retinal degenerative 
dij^ordcrn are developing. 

It iH unclear whether the pigment epithelium follows the general biological 
phenomenon of phagocytosis or whether this structure had additional specially* 
zattonn which are characteristic of these cells. Dr. Joe G. HoHyfleld^^ ^j^^ 
a^isnciates at Columbia University have shown that phagocytic activity begins 
earlv in the amphibian embryo and is responsible for the removal of egg pigment 
which in eliminated from cells of retinal neuroepithellum. These Investigators 
have explored the question of whether the phagocytic activity of the pigment 
epithelium in specific or an indiscriminate scavenging. The study has shown 
that pigment epithelial cells will phagocytlze polystyrene spheres which have 
been Injected into the space between the retina and pigment epithelium in the 
frog embrvo, tadpole^ and adult; and, therefore* the phagocytic activity is not 
restricted to rod outer segment discs. 

The interphotoreceptor matrix appears to be synthesized by the neural 
retina and the j^igment epithelium with possible contributions from the photo- 
receptors and Muller cells. Dr. Lynette Feeney^"^^' and associates at the 
IhiiverHltv of Oregon Medical School have used radioactive precursors of protein 
glycoproteins and glycosamlnoglycans^ which are components of the Interphoto*- 
receptor matrix* to produce autoradlographs In an attempt to v rlfy the site 
of matrix macromolecules. Autoradlographs of 10-day old and adult mice were 
prepared for light and electron microscopy. Pulse label techniques show that 
although the apical microvilli and their cell coats in the 10-day old mice are 
proliferating maximally, the adult microvilli show a more Intense labelling 
which probably relates to Increased phagocytic activity. 

MoHt of the studies of pigment epithelium have involved embryonic eyes as 
a source of explants or in situ observations of phagocytosis, proliferation, 
or cell movement. Conclusions with regard to potential activities of these 




cells h.ivv bs?en based upon hi^itopatholoRlc observations. Dr. Mark 0. Tso^^ 
an*1 dH.^oclates at the Ann^u Forctis InatltuCt^ of Pathology collaborated with 
Dr. lUnlfl Albert and associates at Yale University and developed a method of 
organ cultuiv of human pljiment <?pttheliuni and choroid in an effort to study 
the rtfcrtiiina of thia tissue to various atlwuU. These investigators have 

ch.it preparations ol" human tlsBue obtained postmortem and during surgical 
pr-n^MuroH mav hv maintained in culture fcr at least two weeks. The tissue 
dtH»H not proliferate or degenorate and appears to remain active and suitable 
tcr nuuphologlcal studies. I'htf culture syatein employed produced pigment epi- 
th<?Uum which resembled the in situ tissue in that there was a persistence of 
apical vnil, terminal bars, infoldinRs of basal plasma membranes, intact base- 
ment •ntjmbranefi , and *nelanin and llpofuscin granules. The techniques may be 
ui»i.*ful in studying the cytological behavior of pigment epithelium in vitro 
during varlouH stages of retinal diseases. 

19 20 

Or, Kenneth Brown ' and associates at the University of California 
have concentrated their efforts upon the functional relations of photoreceptors 
to the pigment e»>ithellum, Tlvey have described the anatomic relationship 
between the pigment epithelial cell and photoreceptors in frog retina. The 
pigment epithelium forms apical processes which. In the cat, ensheath the cone 
outer segment. Although the functional significance of this sheath is not 
understood, it is evidenc that the pigment apithellaJ cell relates to the cone 
a-j well as the rod. These investigators point to the similarities of the choroid 
plexunes of the brain and the retinal pigmen epithelium and choroid. A series 
of Intracellular microelectrode experiments Indicate differences and similari- 
ties in ion permeability and flux at apical and basal membranes of the pigment 
epithelial cell. Ouabain placed ou the epithelial side of the tissue was found 
to depolarize the apical membrane but was ineffective when placed on the choroi- 
dal side. These observations indicate that the apical membrane, but not the 
basal membrane, contains a sodium-potassium, pump. The physical condition of 
the pigment epithelium used in transport studies is examined by scanning electron 
microscopy. These in estigators have developed a technique for vertically 
cracking the epithelial layer at cell junctions so that lateral surfaces of 
individual cells can be visualized. 

Membranes 

The production of an electrical response to the absorption of light by 
photoreceptors is related to a system of light-induced membrane reorganization. 
Investigation of intact membranes and relevant membrane models may further our 
knowledge of the mechanism of energy-transduction and transfer In photoreceptor 
membranes. The structure of photoreceptor membranes and visual pigment proper- 
ties are the subjects of current investigations. 

Dr. Kent Blasie" and associates ac the University of Pennsylvania have 
approached the description of membrane structure and light-Induced membrane 
phenomena at the submolccular level. These Investigators have determined by 
x-ray diffraction the location of rhodopsin within the profile of photoreceptor 
disc membranes, the forces responsible for this location, and tht"^ local 
arrangenent of rhodopsin over the suiface of the disc membranes. It is anti- 
cipated that analysis of diffraction data from the disc membrane profile will 
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at the r^ub-clccular level. T. iiat^»» ^\? \ .^r tit ^ monc-i tf ^n; ] aohi-U 
plvot^-^pljin^^nt noltL^cuU*^ vhirh pr^^t^^^*-* * ^ * * .a:!;i;nus layer and inro t'uK. 

core. Elt-.t.-hir^ cau^^s the y\i<.tc\]n^-x ,A • ^ r:-. \ * ac^-^^er luto iho lipiJ ^orc 
anu lu ^ t rantjmetnbrane direction* 

W,t,ne L. Hubhcll'*'^ .uui . > .'x.^ :ho Hniversitv of C.^l i fv r:v1 have 
b*^er; Inft^rostcd in the location ;t ^ in t'u* disc meinbranc. Tb.<.'r l.avt.' 

3^^i:n»rT* that the surface ot the rr^^^ "^n ^ r v ItM.ult* is in direct oi^iittjct vit;> t')e 
h%Mrocarhv>n cb»alns of the phos;^*u)l : p i;! t^v li^c neinbranes vhu'^ it peiietrate,'^ • 
Tht2 diiitr ibution of rhodopi^ln rolcculv tr»n plane of the membrane^ J;as oec-n 
»tuJlrvi bv techniques vbioV reveal Jr.v-' , ir ^ surfaces. It has bee?\ ftun.i r/r .^t 
th«i rhodopsln behavet* as a sclutt* vhi^^M is regulated in Its solution hv ll^ht. 
Ca^-eiul stuaitis bv this Rroup iudlcat^^ tb^t rhodopsin completely viavetiius Ve 
thickness of the membranes, Th^? proci^^:: by which the light energv 1^^ transduced 

produce the electrical response mav relate tn a permeability chanjatc In the 
disc membrane. The model sy.-^ten^s of ^hodcprtin in a phospholipid biiayor pem^its 
the Inx'esc igat ion of light-^act Ivated ion movement in membranes. Kesulr*^* of 
uiodel membranes appear to be consistent with current interpretations of --ray 
studies of Intact photoreceptor membranes. 
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Tr, Hichard A. Cone and associates at the Johns Hopkins University are 
scudvinjj the effect of rhodopsin molecule on tne general disc membrane chr^rac- 
itirlHtic*;. The rapid lateral diffusion of rhodopsin vithin the disc membrane 
ha«i been observed by microspertrcphotometric techniques* Their results indicate 
t^at the effective viscosity of thr membrane permits rhodopsin to float freely 
In the lipid phase, "hese investigators find that rod outer segments offer the 
bes^t *^odeI for the study of rapid lateral diffusion of proteins in membranes. 
Bv obser\-ing diffusion constants or rhodopsin, it vill be possible to deteraine 
the efrective radius of the molecule within the lipid phase of the membrane • 
This work implies that in the plan^* of the membrane, the rhodopsin molecule 
mu-t be .^iightlv elliptical or nearly circular in shape. Rhodopsin may be 
thou^iht of as a neuronal protein ♦ in a neural membrane, and knowledge of its 
structure and function will reveal fartors which Influence transpoit of drugs, 
nutritional components, and the spread of electrical energy in photoreccption. 

The question of rod outer segment disc organization and the localization 
cf rhodop<;in have also been investigated by Dr. Edward A. Dratz^ and associates 
at the University ^f Calif ornia» Preparat ionts of intact discs and red outer 
segtnent fractions were exposed to membrane-permeable and membrane-impermeable 
reagent*^ which label amino acids. Thev found that half of the rhodopsin amine 
groups were labelled by the membrane impermeable reagent. These data indicate 
that rhodopsin must protrude into the aqueous medium between discs. It seems 
clear that rhodopsin exposes a hvdrophilic surface on the outside of the disc. 
It btlll unclear whether a single rhodopsin molecule transverses the disc 
membrane or wh^^ther rhodopsin molecules are situated on both sides of the 
membrane. Factors which influence membrane structure and function will be more 
easilv understt)od as more information abotit membrane proteins and ion transport 
Is obtained. 
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V tsual Pigments 



qui?stion post»d Is how changes in molecular structure of visual pigment 
tnolf*cu-eH relatt? with nervous excitation of th':* photoreceptor. vSlnce structural 
chan>4es in tht^ photopijtTnents are the first events in the transduction process i 
cotnptoh*'n.sxon of vii?ual pigment photochemistry will help to understand visual 
excitation. Correlations between ionization and hydrogen-ion concontraticm 
ch4n«t?s .^f rhodopsln and the late receptor potential have been investigated by 
Dr* Saniord K. Ostroy*^^ and associates at Purdue University. They have isolated 
tht^rmal Int t rmediatt^s of visual pigment bleaching. Their experiments show 
proton uptake during illumination and proton release during later processes. 
These reversable effects implicate hydrogen ion changes in visual adaptation* 
Furthermore, ionization changes may be a controlling factor for the existence 
of photopi);ment intermediates. 

Dr. Bruv-e E. Goldstein and associates at the University of Pit.sburgh 
emphasize that in addition to morphological differences between rods and cones, 
rod arid cone pigment regeneration In Isolated retinas are different. Perhaps 
Che observed effecCB are due to chemical differences between rod and cone 
phi»tost'>?ments. They have used the early receptor potential to show that the 
t ro^'*5 green-rod and cone photopigments regenerate In the isolated retina 
wherenr. rhodopsln does not. It appears that photoproducts of cone pigment 
bleaching may decay faster than rod photoproducts. Mlcrospectrophotometrlc 
aechods will detect rod photoproducts, but in the absence of cone photoproducts, 
thev may have decayed to a non-vlslble portion of the spectrum. Differences 
between rod and cone photoproduct chemistry may be Important in understanding 
why some degenerative diseases, such as retinitis pigmentosa, appear to be 
initlallv selectivft for rods. 

MACULOPATHIES 

27 

Dr* Edward Norton and associates at the University of Miami continue 
to studv macular diseases in selected groups of patients with special emphasis 
on diagnosis, classification, natural history, and hereditary and familial as- 
pects • Wherever possible, histological correlations are made with the clinical 
observations. These investigators have contributed to the understanding of the 
pathophysiology of macular diseases* Among the specific diseases studied are 
cystoid macular edema, idiopathic central serous choroidopathy, and senile 
disciform macular degeneration. 

28 

Dr. John D. M. Cass , Bascom Palmer Eye Institute has reviewed 200 pa- 
tients with macular drusen and disciform degenerative changes. He has concluded 
that all of these patients have familial diseases which affect the choriocapil- 
iarls and pigment epithelium* The involvement of the overlying retina is 
secondary* It is important to continue the study to determine whether there is 
evidence that any form of medical treatment alters its natural course. 

Some clinicians have advocated a therapeutic approach to the problem of 
central serous choroidopathy and have employed photocoagulators * Dr. Ephraim 
Friif^dman*^^ and associates at Boston University Medical Center are among those 
who have emphasized the need for controlled studies of "nontreatraent" . These 
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Investigacors have presented clinical data from 27 patients with documented 
central aercus choroidopathy who were not photocoagulated and whose condition 
wa^ followed bv fluorescein angiography. These Investigators believe that In 
taost cases the disease is benign and self -limiting » and therefore, may require 
no treatment bv photocoagulation* They do recognize that in some cases photo- 
coagulation ©ay shorten the duration of a given episode of central serous 
choroidopathy; however, there are potential hazards in the treatment* 

30 

Dr, Samuel V. Vainisi and associates at the University of Illinois 
have been concerned with the establishment of a breeding colony of baboons 
with heredomacular degeneration* They have been interested in the Inbired colony 
of sixty baboons at the Brookfield Zoo. These animals are being examined t and 
behavioral, photographic, electroretlnographlc and fluorescein studies will be 
conducted In order to describe progressive lesions which might be detected in 
the macular region. These investigators observed behavioral abnormalities In 
a baboon which led them to suspect that the animal had visual acuity deficien- 
cies • Clinical tests indicated that the animal had juvenile macular degenera- 
tion » It was planned that the animal would be useful in establishment of a 
breeding colony, however, she died of unknown causes. Histopathologic analysis 
confirmed the clinical diagnosis. It is assumed that the lesion may be Inher- 
ited and indicates that the baboon may provide a nonhuroan primate model for 
investigation of macular degeneration. 

Further studies which involve the creation of experimental models In 
rhesus monkev in order to study various pathogenic mechanisms of macular degen** 
eratlon are being conducted by Dr. Mark 0. Tso^l and associates at the Armed 
Forces Institute of Pathology, These Investigators believe that one of the 
possible pathogenic factors of macular degeneration is chronic exposure to an 
excessive amount of light* They produced an experimental model In several 
stages of development by exposure of the macular region to the light of an 
indirect ophthalmoscope • The light provides a mild photic Insult. Fluorescein 
angiography showed that leakage of fluorescein Is the first clinical sign of 
damage to the macula. The leakage started 24 to 48 hours after exposure and la 
probably caused by a mechanism other than photocoagulation. These experiments 
demonstrate that a good experimental model can be produced. 

TUMORS 



Biochemical Developments 

Retinoblastoma resembles other tumors such as lymphoma for which there 
is evidence which suggests a viral cause. Although direct evidence for the 
role of a virus is lacking. Dr. Daniel M. Albert^^ and associates at Yale 
Unlversitv School of Medicine argue for a viral etiology In retinoblastoma. 
Electron microscopic examination and immunologic methods have yielded little 
evidence of viral infection. Based on biochemical methods, these invattlgatore 
have been studying the RNA-'directed DNA-polymerase activity in human ocular 
tumors* This enzyme is important because of its presence In animal RNA onco- 
genic viruses which have been analyzed. This enzyme activity has not been dc- 
minstrated in normal, rapidly dividing tissues but has been found to be present 
in ten specimens of retinoblastoma. 
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Ultrasonic 



Developments 



At Case Western Reserve Univer&itY, ^zd z^nzh^Csitc aktir.s 

have been coniblned under the direct icti of It- ^ct^Kr md Dr. Edward W* 

Purnell. These investigators hsve cevtlvj^^c h tossc 3--scan ultrasonic 

pulse-echo apparatus for the tvo-dtmenaic^*iil vi^^i^iz^z.^:^ zt iicular tissue • 
The scan mechanism and display unit are jc-uf f irit^tlr >rrttcle sc chat they can 
be rolled to the patientVs bedside or Intc tte t^^zi.i:jzj, z-zcm. rh<£ use of this 
portable unit in the operating roorc is tne first :^liz^ziz^ cf B-scanning 
techniques In surgery* The B-scan ultra«>otio|:ri;?M: ii^i;tcc is especially help-» 
ful in explorations of tissues behlsiid the eve glrc^a:. i ccai^slftte exam ina tion 
is made possible because the flexible hand h^Zz c^^Lt^t retiLL::s the capability 
of larger scanners to differentiate finer tii&^* oetaHs- 

Farther work on improving capabilities rf v^ltrs^rd:: :iiag^stlc systems 
to ensure a more reliable diagnosis of ocular arii rmra^l rj^ncrs Is being con- 
ducted through the collaborative efforts cf !>r. I* Jjccs^^m Cclamar:-^** and 
Dr. Frederick Lizzi at Columbia University ssu: l.i^#r$i^^ Seaearch Iiscitute 
in New York City. A large number of patients t^re t*e^ exmiiiec altrascnicaiiy , 
and clinical studies have danonstrated the xtli^t ti i-^z^ ^^Itrascnic methods 
for patient evaluation^ These investigators hirre a f^^l beam scanning 

system* The equipment being developed by this ^tr^z vlll ec^iar^ce tissue reflec- 
tance levels and separate tissue planes, both cf vi.ic:t u^erul in demonstra'- 
ting variations in ocular rumor patterns atic xizzt^*>^ temcrrnage. The u.lt:ra- 
sonic measurement of tissue characteristics Is t^t:jt;§ sr^iec tz: crcar to improve 
the diagnostic usefulness of these methocs. 

UVEITIS 

Studies in progress in experimental Br.ixuhLs zzjCZz^z^ zii^z prostaglandins 
are Important In the development of inflamm&tirr ir. ttv* iu^ar. As a 

response to mechanical trauma or induced uveitis, irc^ta^lari^in'-lika substances 
are released into the aqueous humor, Subst^ncef viti ;rt:?sta«lancir:-Iike activ- 
ity are not detected in uninf lamed eyes* I^r. L^^ttt I. lakizs^^ anc associates 
at Columbia University have been exploring the r:l* r: ^rr^taglaruiins in the 
physiology and pathology of the anterior uvei;. Ti^^ z^itsztg^zcTS have used 
the rabbit to demonstrate that f luorescein-ir^^ £zu::.cjrra:?iry techni::ues ara use- 
ful for recording alterations in the diameter pem^^ilzzy zi the uveal 
blood vessels. Topical application o: o^zi^xl^^^zzz^ zzza:^z^^ va^^ccilacion 
and an Increase in permeability of blood vei:s-tls tz tte rj^e cf the irts which 
are more sensitive to the actions of the ;:r^f t *x?l4eiiiitj . The vascular altera- 
tions produced by prostaglandins in the anterirr ir*-** na-r iuiinished by 
prostaglandin antagonists. The action o: ^r^sti^^lis^tir— ^l^cki,^ agents may 
be of value In the control of the clinico: crr^tittrt :: i^^t^ ar.tericr uveitis. 

Dr. Laszlo Z. Bito and associates hi CcIutscij. T-zJ.T«r5lcy have beer, 
investigating the mechanism and char acteristi t* ::' ttnt ^ rci^iid^landia cransport 
system. It appears that a single episod* cf ziz^li zi iamaging 

an absorptive prostaglandin transport and Its ^um-lit - :c t'.e ancericr 
chamber. The evidence suggests that th*rt -s s,.: * tirtij-l rasir-il :: prcsra- 
glandins from the aqueous humor in tr^e pcsterirr tt-smc-sr :i:iarv 
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f^irce t.^■e' iris t:.a> ir^c*:^ : - " ar:^*:::^- r^,v* , '^:>a >t.:-t:ti.i- 

and assrci^trs at tr.tr Alranv '^^.iril ^ t ■ .^ T-^zut'^^^i ----.i^ 

ultra5truct\;re rf t^:€ iris t^rlllarie* a.-: f^:*' t-ersi^d: .t'^ : 

fro© cili^ri" ca^iZl&rles sfr*:: f^^- ^ ^ t * r : , 1 ^- .-rr* :^ rT;t -.zz-^,'-: 

^pitheliuit and c:£v be z^e r Ircc-^c^e r-.t — Ir*^ -rs: It- i:;.:- 

stances. ?errx:ca.se cc^s erter t*e r^^:tr^:r c:s2:r*-rf "-'Et:.:^'* tnvi 

port through tr,e riC-t-^fi^px^eritei e::it't^ll^- if r r*.4ri ^ztr: ^.^-^ "u^^-t T-ti:.-* 

by pinocytctlc activity- Tra.,rLsr:^: -r^t^ ^-.r 7: srx^^-^r tn: i r --^ 

by ta.echan i sttts rtcr ^rplai^ier. ry t**^ese st^r:^^. '""*r^frrit. :.t r-r^^ i 

that the free niC"ver>er.t r: srl^tc? :x:rvc:^ r^TT:':''^ rr t^^t- ertrsit'i _ -.1. ..i * 5^: 

In the eye Is contrcllec t^ ir,e tre£c:-:i :f iir^trr:.: er^r v—i^z^:^.. -rr** i:: . „ - 

barriers. Vascular le^f zzt^t 1- ^ v^r.trv cr^ic.r.:-:* : , ::: i.^ 

central hezc-^- r etir::r;£tr.v ^ z^i^ldi: r^e*- .. rr , '-.i'*r^r t^t^r-z.i ii? 

as uveitis. Procuctirr :f a setif^iitrr- lal r.:c^: iiir:; .,ir 

leakage vill j^ervitz states zt tr-es-e ;rr.c:t^rr.5 21 z er:r,er.ctr t:T»c '^itr^^-r?-: inc:i--:s? 

and treatn^rt ?f t^esc rlirical 
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in ttie frog iu^nfe r:..r^tfm- Imm...^. tl^^,^ X- 



. . z r 3^ tc ler as n^^ 



t>*srnavi: r KPl ir v^tri ;.iW45*r «i^rir,&_ „ 



.^i-iimi^i3j ^^:.i-rtr x:_^~.;Ei'::jrr 



. litter r . h * h . ant *1- ^ 



receptc^r atssir rant . S:>grrgsiii 



fracturt^ stuc-.tft or tnt ^in:^. 



::o r>e put 



'S. Tc be purlisn^c 
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The cornea is composed of threes main layers. The outermost consibLs of 
typical stratified ^^pithelium; the niddla, central portion or stroma, consists 
of a connective tissue, consisting of collagen fibers embedded in mucopoly- 
saccharides. The third or inner membrane, called the endothelium, consists of 
one layer of flat cells bathed by the aqueous humor. Accumulation of water 
Oi.curs in the stroma, while the outer epithelium or the inner endothelium 
provides the metabolic activities necessary to maintain the dehydrated coniea* 
The site of the transport process^ as well as the mechanism by which water is 
remw^ved normally from the stroma, are of critical importance for the under- 
standing of corneal physiology. It is now established that a fluid pumj^ which 
is concerned with the maintenance of the hydration of the stroma is located in 
the cornea endothelium. The mechanism driving this pump and how this pump 
operates are not understood* Dr, Jorge Fischbarg, Columbia University! has, 
however, recently discovered that the endothelium layer generates a small 
electric potential. Electrical potential across biological membranes are 
visually associated with active transport ions* This could form the basis for 
the water pump which is present in the endothelium. In support of this iuea» 
Dr. Fischbarg has noted that several drugs which inhibit the fluid pump of the 
cornea also depress electrical potential* The electrical potential developed 
by the endothelium of the cornea has also been measured by Dr. David Maurice, 
Stanford University^, The magnitude and siEe of the pump t^ccording to 
Dr. Maurice suggests that it could be related to the active transport of ions* 

The cornea is the only tissue with high collagen content that is trans-- 
parent. The collagenous material of the stroma is made up of small fibrils 
which occupy about 1/10 of the total thickness of the cornea* The trans^- 
parencv of the stroma of the cornea was first explained as an interference 
effect based on the perfect regularity of the collagen fibrils — the lattice 
theory. According to this theory, the cornea is transparent because there is 
a '^destructive" interference of the light scattered by the individual fibers. 

Recent work by Dr. George B* Benedek has discounted the need for perfect 
regularity in the collagen fibers in order for the interference mechanism to 
succeed and has indicated that the cornea is transparent because the size of 
the fibrils and the spaces between them are of such values that the incident 
visible light is not scattered. Ttie findings of electron microscopy substan- 
tiate this view, but the effects of fixation and embedment on the regularity 
of the fibrils are uncertain. Clouding of the cornea was ascribed to a dis- 
organization of the fibril lattice and Benedek considered it a result of the 
formation of open spaces in the structure, the so-called lakes* 

This question was partially solved by measurement of the angular and 
spectral distribution of the scattered light by Dr. Frederick A. Bettelheim** 
at Adelphi University. Dr. Bettelheim found that the light scattered in nor- 
mal bovine and human cornea is largely due to the birefringence . The 
intrinsic birefringence is the result of non-random distribution of collagen 
fibrils at different loci. However, in the visual path most species have 
minimal birefringence areas* The distribution of equal birefringent areas of 
the cornea in different species account largely for the adaptive processes 
that the species evolves within its environment* According to Dr* Bettelheim, 

^Double refraction 
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there 1» a strong interplay between the two tasks of the cornea; mechanical 
protection and transparency* Molecular superstructures are built to accomplish 
both of these tasks and there fore t the molecular organization of the periphery 
and center of the cornea may be different. 

Herpes simplex Infection of the cornea is one of the most important • 
ocular virus disease. Its importance stems not only from the frequency of 
initial attacks* but also from the likelihood of its recurrence with pro- 
gressive scarring and morbidity^ and also from the fact that this is one of 
the few virus diseases that m^iy in some cases be successfully treated with 
chemotherapeutic agents. In 1961^ Dr. Herbert E. Kaufman at the University of 
Florida showed that 5-iodo--2''-deoxyuridlne (IDU) was a therapeutically effective 
antiviral agent in the management of herpetic keratitis. Since then, several 
other promising antiviral nucleotides have been synthesized and evaluated for 
efficacy in control of herpes virus. Among these are; (1) cytoslne arabinoslde 
(Ara-C), (2) adenine arabinoslde (Ara-A) and (3) trlf luorcthyraldlne# 

In 1973 > Dr. Kaufman^ reported that trlfluorothymidlni? appeared to be the 
most useful of currently available antlvlrals for topical treatment. TrlfXuoro- 
thymidine is virtually non-allergic. Is approximately ten times as potent as 
IDU and is much more soluble. Most Importantly, the rapidity and regularity 
of ulcer healing with trif luorothymldlne is far superior to that of IDU. 

Recurrent herpes simplex Is one of the major problems In ophthalmology 
both in terms of morbidity, and in terms of visual disability* Present evl-^ 
dence Indicates that once someone has an initial attack of herpes simplex the 
odds are approximately 25Z of having another attack within two years. If there 
has been more than one attack of corneal herpes the odds are approximately 
431 of having another attack within two years. The pathogenic mechanism of the 
recurrence so characteristic of herpes simplex infection Is unknown. Many 
hypotheses have been proposed to explain what appears to be latent herpes 
simplex virus infection in many experimental animals* 

Recently, Dr. Anthony Nesbum, Estelle Doheny Eye Foundation Laboratory^, 
has found that latent herpes simplex virus can be Isolated from rabbit tri- 
gemlnal ganglia between episodes of recurrent ocular disease, whereas no 
evidence of herpes simplex virus infection was found In any other tissue 
tested. The concept that virus might not be latent within the cornea epi« 
thelium but might come to the cornea from exogenous sources has raised new 
hope that such recurrence might be preventable by drugs. Dr. Kaufman reported 
that the prevention of recurrent herpes simplex might be possible through the 
use of interferon. Interferon inducers such as Poly-IC were studied by 
Dr. Kaufman extensively and found to be very effective in rabbits and other 
rodents. In monkeys and in man, however, these Interferon inducers seem to 
have only a minimal effect which disappears rapidly. Human interferon on the 
other hand, according to Dr. Kaufman, effectively prevents herpes infection 
In monkeys even when given as drops as seldom as twice a day. The finding 
that human Interferon administered to monkeys protects against herpes is 
encouraging, and certainly Justifies further attempts to define the thera"* 
peutlc dose required, and the practicality of administration to man for the 
prevention of the herpes simplex keratitis. 
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Ill i. niis <»i asM Ht^vl clinical rt'f>varuh » clearly one of tin* moul exciting 
M s. vrl j.mtn' s IT! cornt^il rebearoh Ifi the therapeutic soft contact lens. 
I'hf iiif.-i - ••^vt»rin^ rut» cornt^a and protecting ii is not new, but the ability 
t > pr. ttv t t'l' . rwv^ with an opticallv clear dressing which is well tolerated 
has r. -t pos^ibli' until the advent of the soft lens. Dr. Kaufman*^ devcl- 

t -ir^x r».'pi>rrvd clio u.se of ihe soft contact lens for the crt-vitment of 

corr.< 1 d .Nf ua-. 

, Rfcontlv, soft contiict lenses made of hydrophilic gel have proven safe 

and oftiM tiVH- for tl'e trt^rment of bullous keratopathy. Bullous keratopathy 
IS a condition in which the Inside layer of the cornea, the endothelium, is 
dania«fd as a result of cataract extraction or because of degeneration caused 
bv a^lnj:;. \r is estimated that of the five hundred thousand cataract extrac- 
tiov.-^ done a year, approximately five percent result in bullous keratopathy 
with swelling and clouding of the cornea, blisters on the surface which can 
be excruciatingly painful, and reduce vision. Soft contact lenses create a 
smooth optical ^urfiive, improving vision in a significant proportion of these 
patients. In addition, in the vast majority of such patients these lenses, 
by prevent ins^ the blisters from breaking in a painful way, restore comfort 
to patients who might otherwise be in agony. They will be helpful to patients 
who develop bullous keratopathy after cataract extraction, but also to those 
who develop this condition from degenerations due to aging and other causes. 

In addition to their general availability for the treatment of bullous 
keratopathy, these moist, optically clear, protective lenses have proven use- 
ful in many other kinds of corneal disease. In some patients with arthritis, 
and in otherswho are merely aged, normal tear production becomes deficient 
and Che eve dries and becomes scarred. Soft lenses have provided a moist 
protective blanket for such eyes. By protecting the surface of the cornea 
affected by a wide variety of other conditions, they have permitted corneal 
ulcers to heal. By creating a smooth surface, without rubbing off the surface 
tissue after injuries and other conditions which create irregularities in the 
corneal surface, they have prevented tissue damage while providing good vision. 
Good vision is present since their smooth spherical surface becomes the 
effective front surface of the eye. 

Another exciting development stemming from basic research is the finding 
that the collagen fibrils of the cornea can be altered by heat so that the 
front of the eye changes its shape without the cornea becoming scarred. A 
procedure called chermokeratopl asty , developed by Dr. Antonio Gassett and 
associates at the University of Florida^, has been used on dozens of patients 
with keratoconus, a bulging forward of the front of the eye which grossly 
• distorts viHion and can even ultimately rupture. This special heat probe 

irons the cornea back to Its normal shape and permits these patients to func- 
tion again without the risks and enormous expense of corneal transplantation. 
This procedure has shown a high degree of effectiveness. 

It has been demonstrated that the corneal shape can be changed with heat, 
and this offers the possibility that, with further research, nearsightedness 
roav be effectively treated, and other kinds of optical corrections may be 
performed in a relatively simple manner. 
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forat 1 . . -'v ai kai i' burntd curaca indicated titi^f th** i ! a>:»j!> i^e ci>u;es 

riSN.*** • , ct i >n Sruiiics on the ct !! orl/ .r -^r ihe r*>V: ri^;ciia* o .Iv^w Uiat 
M*^ • • ■ . I r,>a\icrd not oniy bv v-rrni-^nl i f :>t- ! iun: la. i*i:>( rhc undcr^ 

i ' 1 - ' , • * t 

n» 1**^. r *: .i Sv>. *at«\> at. C<.>rnen ' ni 'ov: ;t v^' .^re f-M Tiioly !PV -t/a^t st<*pfi 

:r. r*- * t. .%-t;.<! at finiing mfthadr; Tor irr.^cinA •''^Ui r:»*vt>'\t>./ v'.r!\(;4l a'- 

rn./ ' V' . -ni-al ir.iS aad hcrr*:':* int c^*^ : * . As r,ar — / :»h.:> :t 

tr*^' 4^ .a> pterh;;^ >4jjr(Mf,c Inhibir-ro cva f^^un^: 'U.ii .iH not 
b r-'^ ♦ J'fi*. * %* I>ra» Alan !>up,aT anil ''t '?ph'*r> WaKn in, ' tun «>n 

Ta * t»f Mv\'i i a' ' , h-w*- loai^d t it * v. 4- t i.* ' n : 1 • ra iiihi* 



nt ut«5cribi'J bv Drs, Hirhai'j niTm»p and a^.^ ! ai r ^ of 
th- t irv^j'o ippt arn to la vi ry nr-f^Tni.s luf, . 

- ,ui;... . * . • r f v»U'^. r^yi^ <I[ i • * v'*'' r;'*,» Wh;'*t» li ><':i*a hn*? 
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aui^ il'i.M^Vi ftM v^it*u:»Ml ,it4 a luajor publiv health problatn, liKiitt?u fiu^aucial 
I* r^.vs '^lu* r , i:;c»Jacal problcn^s oftun reatrict the bcopt- of 

tra.^**-nt \' 1 , ' ,^rv»KraiiK*- wht-ri* they are tai:»st nouded* 

iiily Hi>: trachu^tna l^aboratorii^s in Ih^ world tod^y, 
...rtt» I n a''- * I'Oitvd Slater; The University of WaHhlngton, tne 

•'r.vtrs5*v r*i!'i ^Mi a 1:1 San Frannijico, Harvard^ Recently a large tra-- 
c.'tia I- »i\'ir^.. un.t I hi* Lihter luHittvite in London ceaeed oparatioub after 
littt^en viMru t*: i uu^fitunt research In the fields 

v;;. I r.;:v-'MiUi Is *^..t uH iipportTint public health problem for industrial* 
Util n.ittcn^s, Oiilv v^>untT)t»H lise rhu Unitad States havct the re«^ourckii> to 
:i-iM».»' ; resi aroh iia; tu>ui-ji on a sufficient scale* Research aiini^d at con^ 
:r-Min.: b1 litdn^* i^^i dux- ' ^ cravM;«>ma can be justified on humanitarian grounds 

>^uc ihcrt' 5s al;i.> 'i lons^-^trenn economic benefit since developing 
. .^Ui C . CcUi bcv'oiu^ .ci f-'Tiuf I i ci eat «oon^r and will need less economic aid 
if th(» hurt!»-n caving for those who are economically blind is decreased while 
(.>vt' number rrt*du^*tivc adultB is increased* 

A -ub-n^ini ial numh-f of tr«iChoma casus in American Indians have been 
rt*p'»rti»d. f>lnce Or. Chandler Dawson and asscclates^^»^-^, at the University 

. t (\%: \{(.r:\i i "^an Franciscn have been conducting controlled chemotherapy trials 

trachw>ma a^nong American Indians. The goals of Dr» Dawson are to evaluate 
t?*v r*j!e lonR av^i ing tetracyclines in the therapy of trachomai the role of 
typt»-->tivu ; I iv--chlaittyuial anrtbodies in tears and serum of infected persons and 
to d» rcn-riat: the effect of lysoxyme on extracellular chlamydia* The results 
of iHcst* stadieb provide guidance for the Indian Health Service (USPHS) and 
^'iVvi',."^ Tr* In implementation of trachoma control programs* 

Opht ha lr^'loRit?r s are accustomed to identifying signs of fully expressed 
luh»*r^ttd d':.t a. ?b in Che eye, for example » the macular cherry--red spot of 
Tav-:;ac>^s cU «» iPe and corner vertlcillata of Fabry's disease* Physical signs 
o{ :he c^rritv ntate of Inborn errors of metabolism are much less frequently 
obf?f:rved^ and have never been described in some disorders* Accurate^ safe, 
cxpod it iou'-t , nnd inuxptMiswe tests that will identify heterozygous carriers 
ate Ind {hpensable for genetic counseling* 

i^t.'centi>, <^uch t*=*.stb have been developed for TaySachs disease and Fabry's 
dljieai$t^. t>r. Fdward CotHer, University of Illinois Eye and Ear Infirmary^ , 
has sh-^wii th.'Tt the specific enzyme deficiency that characterizes Tay-Sachs 
di,*i» .*st can >e detected iu human tears* Affected homozygous children show 
a virtual ahs.->LO of the normntl enzyme hexosaminidase^A^ whereas asymptomatic 
Lrtrrie: ht-t iTo-?:yp,iviH individuals have an enzyme level that is intermediate 
bt^rv^^t'n that ; f dint au- and normal individuals* Similar results have recently 
bt en dt?it . it»d frr ihv inizi^nt* deficiency of Fabry's disease by Dr* Cotlier and 
his a'^N^. lares -^^ Virtually no activity of the responsible enzyme» aipha- 
);alai t-t Midasu^A was detected iu the tears of affected male patients^ whereas 
c irrirr fftn.iK^ pati<»r.ti> havi* intermediate reduction in activity ab compared 
with r,on::al •r.d i vidu.ils. 
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n-u* ii'r len^ ^^^-H^ir^:^ lo oluvK^au* the ir.»^clianisin.s whl<h r^j^u't in 
t^^ss v^f r.)^^" »■ U^a:. t ransp irenv V . A proreqiJi5>ite tor tl)l»> however^ i^^ an un*- 
cierst .ukH n,: >! t?.^ haKi^ :er the qtjitt^ rt-nmrkable transparency o\ the- norroal 
l^n*-. TSiH t r.in^ivt nr V vlepv.ds {\pox\ the maintenance of a hir.h dt^^^r^^o ni order 
i:\ tiie rro^-. i'a v • o- rhe K-n^. Intil recently, no clear iivi-dviwc^ 
^vsisttvi :»» ' * ^- » r^viM.ii^r. was losponsible for this orderl^ c ^:,: iyMv- 

*'r. r-i'j;. ; It l;u i:-, A<u»lphl University^, has developed Npocidl 

: • •!* . — t >^ iv.othods that are useful ror providing; ^nr-^r-- 

*-. it;on on tw ^ ' '^-c .>* :' r-.: and 'cu^rieri research: transparency and *^upo-- 
T.»^lt'Cul:r . . * . Actually, the two facets are cor.: !<: • ^ a. rv 

.-.^au^^e t - .'^ »r >-.t;v»s provide information from which ono ci: jnft-r. 

v>at vrovL*^-^ • !.a^ ^ vu-utur:^.! (.hanges that cause cataractJ^* 

n*. . ' 1 a . a.i? iv; ti:e bovine lens (and later in cKi- l.j; ir. 
l..'M V -a r M- j nnlv at low angles and was due lo vrr-^ii- 

t"aaiuu:*v : aaMi'^ uxpcriinenrb during which the len^^^ .i.iler 

v-i...;! V. >. i: ^ ' : •» ;uouc ieb , he found that the structur.^1 nianp^eia 

:a t\u' ' w U quLtv different In the cortical and nuclear 

: rio:. * r * • * one may infer that cortical cataract.- -are of a 

: rrt--cnt ^ aa: i a o*' lakes and separation of fiber cells) cluin those 

: iht- r.v.j Lt . I : f i rli i^>cTiu!e senile cataracts characterized L v increasing 

; a,^ct * a a.. riv-N^Kaulos in the fiber cell, 

ht^h^vi a • : nl '^Vca-r rystallin protein in the lens and the Tnochanism 
*v w. ir'v it i :a^a\'c:rt vi to albuminoid and subsequently to the opaq»r^^ n^icrial 
ir. catara^o: iaa lon^ ht oti or interest to many investigators. 

>r» Bel tei'K'i'- work on the existence and function of phosphopeptides 
in t^\e 5egrc,tar i'^r. a!p!;a-crysrallin appears to provide a breakthrough In 
I'-t' '.auiri. t fielJ. la* uaa the first to prepare an alpha-crystall.in which 
^.-r/^' evi«ienr<- i>i r rvs i al 1 - n i ry by X-ray diffraction. This was lost by the 
pr otein d ]rin>> dialvsis, alLhnu}?;h the two phosphopeptides retained an altered 
;>riv J::*rarcio:. pattern. The amorphous protein could then be recon;bined 
wit a th piaosn!iOpentidc'!. lo yield the original crystallin complex. The impor^ 
tar. >^ of this work dL-riv/cas fror/i the revelation of a new and unexpected factor 

rlii^ corurol of a I;)r;a-civs la lli^i organization on the macromolecular level, 
ntii ar. I^vt lelheiri V. laijn r anpeared , it was tacitly assumed that the alpha-- 
• rv'tailin r.oIecuU* carried watiun it the machinery needed to control its 
^. r ii;;ur at ion . .xitiiough rcci'^nt vork bv others has indicated a possible role 
' r hu,!.^ ai(oht^l'», ^uKi^v^, anJ calciun ions in alpha-^crys tallin apgroeation^ 
t' ' vor- phcsab.oni>pt I it»s /low.^ the problem from a fresh viewpoint. 

!a.erc are r.aay p:'>ssi!Wt* inechanlsns of lens opacification, including those 
<:I\ar.u^^i coaa'^^.l^ c^i i nt r -^a.^ i np. rlto <icarterinR or absorption of li^rht, The theory 
c" -cdt.crir^; indicntL^s that a,4>:ri. gat ion of the crystalline proteins in 

♦^'a ■ u*'-' ran pr^.^ure oparity ar fn r he rase of cataract. 
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•^r. 7udlth ledziniak and associates of the Massachusetts Institute of 
Technoloii^v^ , hava provided evidence which implicates calcium in the aggregation 
of alpha-crvstallin of human lenses. The process is irreversible and produces 
molecules ct a size vhich can affect light transmission. The authors equated 
calcium ion and total calciu4ti in their discussions of cataractous and aging 
lense.; and were able to demonstrate an effect of calciutn which may have some 
pt*rtint*nce to human cataract formation* They also found important evidence of 
compoHit ional changes in the higher molecular weight alpha--crystallin aggregates* 
Durln>i a?^)jrej?ation there is an increase in leucine* which would depress 
solubilitv bv inaking the molecule more hydrophobic, and a decrease in tyrosine, 
possihlv because tyrosine is tied up in covalent linages peculiar to the 
aggregation process. 

Dr. Abraham Spec tor, Columbia University , has continued his studies of 
the effect of aging on protein synthesis and protein structure of the lens and 
has attempted to correlate his findings with the development of geriatric 
cataract. Ke has demonstrated that the alpha-'crystallin macromolecule of the 
lens increases in size as a function of aging. The only chemical difference 
noted between the large macromolecule and normal sized alpha^-crystallin is 
the presence of 2-3t sugar and a decrease in solubility. This finding sug- 
gests that the insolubility of the alpha-^crystalxin as a function of aging 
mav be associated with the development of geriatric cataracts. 

Disordered carbohydrate metabolism has been long considered a potential 
cause of cataract formation. In 1957 it was found that an enzyme, hexoklnase, 
has a key role in lens glycolysis. Since the action of hexokinase on glucose 
is the major controlling step in lens energy metabolism, the characterixation 
of this enzNTne is of great importance. A failure of the enzyme activity, for 
instance^ can produce a significant metabolic stress on the lens. Dr. Leo 
Chylack, Massachusetts Eye and Ear Infirmary^ , has studied the hexokinase and 
found that it consists of two forms, only one of which is prominent in the 
human lens. The two forms of the enzyme (or isozymes) have a different dis- 
tribution in the lens and different sensitivity to the glucose concentration. 
The potential significance of Dr. Chylack's finding is that for the first 
time there appears to be a chance of correlating changes in a major enzyme 
during the pre-cataractous stage with the subsequent development of cataract. 

The lens contains the highest concentration of protein and glutathione 
of anv tissue of the body. This unusual characteristic imposes a need for 
the continuous supply of amino acid for the synthesis of these compounds # 
Becau?;e of its avascularity the lens must derive most of the constituents 
required for metabolic energy and synthetic reactions from the surrounding 
intraocular fluids. Although the mechanism for synthesis of amino acids 
appear^* to be present in the lens, studies from Dr. Venkat Reddy, Oakland 
Universitv^ , have revealed that transport mechanisms rather than synthetic 
processes play a major role in supplying amino acids to the lens. 

Another aspect of lens enzymes and metabolism has been studied In the 
past year bv Drs. William Rathbun and Katheryn Wicker, University of Minnesota 
Medical >chooV . Dr. Rathbun has successfully demonstrated the activity of the 




28 



metaboliani* The function r^f Riuia:his?rie lertis Jutji -.-t^ of It-S 

metabolisn: have long been n^vstt^rloufc ;rrcef>f<ri: :f !:r^« axtremtilv high 

concantration of glutathione in all ncnt^l Itrsiti iz^ sicsr: cataracts 

without leaving a trace o: catabclic • ^ :2.rti:ilar Txce cf gluta- 

thione metaboll^n is of timelv intere&t ir v:,e^ tf t^t zirii zr.^t It has been 
found recent Iv to be involved in amine aci* iziz^z^zz icizzi^v. If it so 

functions in the lens, ^>r. Rathhun'v *:nr:rx5 vc^li t-t tix.^l"^ r-rrrme^t since 
aiTilno acid.s are ^o inportant In lens met&bcl;Fit . 

Dr* Kenshi Satoh and ahsociates froir. tr.e JurterDur r-zu.Terslfi^^ Tokyo, 
Japan^» have reiitudied the fluorescence of t^e -jan*5^t l±z:^ a^ic ztzaiae^c dtizint- 
tive results. There are tvc fluorescence tancs : rri -p^Tzl^ ' }-*C am) band Is 
excited at 290 nm (in the long wave ulrraviclti : zzx ^ZC ;un) banc Is 

excited at 340 run. The purple fluorescence '^h ^r^e lut^tz cc^ i::: all arccela 
fractions and its intensity is relativelv coosta^rt vizt a^>£. Th^ bliie flucr-^ 
escence increases with age especially in tut Lzi^^zl^l^ zzzze^iz fracclot:* 
Although the application of this research tc zi.z&.Zt^zzz I'^zjas'^b is zcz yet appar- 
ent » there is much earlier work concerned vith let^j rl^re-sc^snc** as a ^ilagnostic 
or predictive tool* More recent research is cpr^certigc vmh xhanaes la certain 
amino acids which are correlated with the :cnr*&ticr zi^cl^ax cataract 

and changes in state of these amino acics tmost zjsxpzrz^zlj zjr^^Bize and trypto- 
phan). An important finding is that both tne^t r77»fe-5 tr il'^cr^sc^zcei are also 
found in the rabbit lens which is far remrvec frnit tr-i: r„m.ir: l*n5 tz ixazy 
parameters • Thus it will be possible to Ccirr^" z^^z s^zrzia ^txz^rzuexzz^l stucxes 
in an animal model • 

The idea that exposure to sunlight ttiSv tIcv s zzlt zz zz^ fcmatict: of a 
type of cataract called brunescent CEt£r£.c: z^ :lz z^t t:uz zs basec chiefly 
on clinical evidence concerning the geograpr.itel tztZTZz^^zzzz zz s^ich cataracts* 
Experimental evidence for this concept r.h.s beer. Is^ii^r^ ^zzzl the recent work 
of Drs» Seymour Zigman, Joanne Schults* ant T^rre^s. T^l: ^z zt-^ Tciv^^rslty of 
Rochester^ who were able to demonstrate tzotze^zzsl rr^^^s zz the ienjses of 
mice exposed chronically to long wave ultraviclet l:^i:zz^ zz^ zzzLt kiad zz 
ultraviolet which reaches the lens in vivc. Aittr It v^h:.5 :: light exposure, 
the mouse lenses began to show alterations in tbe zzzzxzz zz^czzzz profile 
including particularly an increase in insclurl^ rr::^-'- :>.3^z&s in permea- 
bility to amino acids and in their rate cf zziz zzz<z^zztz zzzz zzzz^iz were 
likewise shown for dogfish lenses erprset zz nzzz z: I :zx vr?^ j^ltra^/iclet 
light for 24 hours. 

A search for early changes in the lenf.^cf z^ztzhzzzji^zzz ^q.^zzs has been 
pursued by Dr. John Kuck, Emory Univers^ity^ • . Vzn zz zzz^zz'^ss zz explcra 
in experimental animals the combined effect :: z*^:zz z^i^zjz zzzzzz'.i iaents such as 
trlmethylpsoralen and ultraviolet light anc :t:-er zcz^zzz^l aractcgenic 
agents like certain drugs and toxicants Zl. i^:c. I'Zjt zz zz^ ^rir.cipal aims of 
Dr. Kuck*s investigation is to detern;ine t^zr zhztztzzz^izzz tr::ces5es are 
accompanied by permeability chanj:es vnicr; car t*t tuvzzzzz^z z-^ tracer upta^-^e 
before visible lesions become evident- 



probablv fi; is^T-- fr.i: .<r.^r 

cryj^tallir. is itt tir^i rrricir : 
involved ir rre r 



mav disturb r^^rxa* ^eve 
of congenital catari:t. 



repair er*:•:'r:^^^cr ^cr^r :: t"c r>j 5 : 
thii centre 1 .t :c..-.-r rr at « ' r . : 

usually return.- : r:rral : - * 

tc exar.:r,c f c — r:-"- - 
3r- Jcnn frrii:- - a 
cher^icai an„ r.-^rr ' : 1 m c^l ^ crts t 

be induced ;r. vitr" t'c lertr:.- . 
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c .tar.tu ^us* • _tr.*^i-ra^. -^"^^^^.t>* Ttt** «*v^r*-^* cases 

;;^r:^ vtrar* iiK* i^^j;;- vcns^. .* :r i^c^-Tro^'^i^ %^-*^zbsc^c i:;saajse, such 

ir.tr at^ru^iir ^-rtrsrbur* ♦a^fif'^i^ ^-.i- ^^^rya^irix : tr.e anc -C^ these 

m^t^r.ta-^tit itit -^ii;-'^^--«r rTwji^-^-?. ^ :^ ^r^cucac In Che ciliary 

ir. ttie trainees trt^nsir^: t.^ •:r me inrjar^r znascer la clcs«c) . 

rrimar^ Dx>eT--fin^t t -» — tKuir f :tTts tt il4M5ase,. zh^ 

a^:ft:ci wr.^cr -..trisLai ic iifc i3Lr:.;;;2naa^ ,.,r^*7^^i;<ay -ii ^rr^Kxiilar sreeax;ra Is act as 

f- iHfcDtic ae^pert tr^' j^^;,rTn?-5r ^ tirtat "-ama^Hif r:ac ^ccessl":?*!^ ilgii intra- 
r^rular rrebBurt i.*iu^*^i 'Z'i* ^""^ -r ^sm^^Uic :^i2rsii2;g, itxrlc aerve fiber 

^c>s£ . am zut Tt^s; vart: "-^--l-. "...f ^'gag- "^ha ijtzr7^ fibers arr^rpny l:: tha 

c:.&r:, retin£.. ant tJirt-^ tisr*-^ ^ ^ .^-^ ^ •i:Bftr^ Logg ^h^e supp^srcl^ig 

a^r rt^E^^ii ir tnt rm^^ -rs — ^ ^' >^ rasca... ".■"^ ^tsscsaac thac tha arisar^ site of 
casaaEt tf«: ue^^ 'J^iH^rt e T-^ t«rr^^ "ea^i, ^r>^ rhac the loss cf 

:&eatxs rt rrevexit^m. . r^tagr 
Cla^*:>rif fine f^t:£:niisrn" *s*r:''r.t2. 
mere accurflit latrasu-^^nttsTr ir ^rrr-^'-z, — ir rr'^issss^.ra , sfeCiijedis "i^r^cucciwti race, 
fac:l:T^ ?>ut - -.r>v enir ^rrr^^r:^ ^asjjifcs^ '•.'r -^Jt rcz'Lz ':'ajsc:ilacuni, the optic 
ci&t , «:tic t:ie cjrt^t t^^-'^ ^rr-~ ;7rr> ^gyggtc^^s :;etTT^ ^sace irx the 

!t wt.- "fcF^er _-,5^HfT ^-52^ ^.ar ^ ;sr^^Tiiinrr ^er^-een rata ::f 
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aqueous humor flow and r<?Jilstanc^ tc ^lit :r - * vir w^i:h ^nt^hUsh^s 
intr^mcular preHHure at a certain level : • tr^w.^r^- chr- intr^^- and 

extra^ocular vess*?Ls. KTA ^ujypor t^i invtrt>: i r^t : t^rc ^^r Tniced 
Stateti and in Swedt^n have been excminirr t^e cv*-.a!rrlrs of this ^vsteTit, 

At^uc^ous Production 

Dr. Richard Brubaker and his atsrc, te^ t^e Havo fc'ir.irit:inn^ have 
examinea the filtration coefficient cf t^c :r.:r^-c-.lir v^sc^^Iatiure in tnnnkeva. 
Th^y conclude frotn their findings mat rif f ^-re*- in incraocular pressure 
between individujils ^ th^ therap^'^it Ic trffv::-^ cf h^^r^-r^ctic agents^ ^nd the 
dia)^noat ically recognized effects* of water crinacing cn :.ntraocular pressure 
ar« all mediated bv physio-chemical e\*en:s at tne intraocular blood^-vas^el 
wall* The role of neural factors ir. t'ris ^rcc^ss has also been demonstrated 
by Dr* Bernard Becker and associatt^s at Washin£zc^ Tni^'ersitv in St» Louis*" 
when thev found that the instillation of h%-^>t>-c5T::?tic a^^ents into the third 
ventricle of the rabbit brain (near the hvpc thalassj^; resulted in an eleva- 
tion of intraocular pressure* This elevatlcr. cf intraocular pressure was not 
observed in single eyes which underv^ent optic ner/e transection but remained 
in the contralateral nontrar^ected eve. 

Dr* Keith Green and associates at J'chns Hcrkir^ CT^iver^ity"^ have devel- 
oped a mathematical model which describes anc rteasures the various factors 
involved in the production of aqueous hjcmcr at the ciliary body: facility, 
pseudofacility , capillary pressure^ a.ctive s^cretiet:^ ar*d the mean pressure index 
for filtration* The model has been eatrployed" in ejcapdning the long-held view 
that active secretory processes are priTrkar>' In aquect;s hunor fcnnacion and that 
passive, pressure-dependent factors ^ultra.f iltraticn; play onlv a minor role. 
Their analysis of perfusion data froir the isolated rabbit ciliarv body, from 
rabbits in vivo, and from man indicated that the reverse obtains; chat 
ultrafiltration accounts for approxiiTiately 65* or a^uec^s production. However, 
the situation is still not clear, becaj^e researchers^at Uppsala University 
have presented data to the contrary. Dr. Arjders Bill'' demonstrated that 
increasinR the blood flow in the anterior u^*ea srti ciliary process in monkeys 
does not yield automatic increases in the rate cf a<iuecu5 humcr formation* 
He concluded that in the monkey, at least, ultrafiltration does not play an 
important role in aqueous humor formation. 

In many instances, the treatment c: silax;cos5.e invclves the use of pharma- 
cological agents which reduce aqueous production* ^risury among these are 
adrenergic substances, for example, epinephririe asti carbonic anhydrase 
inhibitors, for example, acetazolamide (Diasiioxi* Although the clinical value 
of these agents has been recognised for manv years, the biochemical mechanisms 
by which they lower intraocular pressure are ^^ust being determined* In many 
tissues adrenergic agents activate adenyl cvclase tc prccuce adenosine 3', 5' 
-monophosphate (cyclic-AMP) . It is this 'Wsses^£er*' which actually mediates 
the physiological events which catecholaistnes initiate. Evidence has been 
reported in the past, by Dr* Marvin Sears at Tale Tniversitv, chat cyclic-AMP 
may plav a central role in mediating the acticn cf catecholamines on aqueous 
humor dynamics, specifically, adrenergic azer^ts, which decrease intraocular 
pressure when administered topically tc the rabtit eve, also increase the 
concentration of c%."ic-AMP in the aqueous hustcr* In addition, intracameral 
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jM)v*M^M^ oi \*v^^ I it- A>'P i>vr<^ tin rao:v\ lar proi^svire. rMrthor rcsear*"h 
ali-n^i those Mk^ s ^\ :>t » Maut i^v !.an)'jianj vnd hts nssoointes ai Johns Hopkins 
r.avrt^ltv »*;vj »ar^^ lo r!o;i)oi^s t rati* th\i ihv Viiionshlps boiWfVMi oplnepliriue, 
tYclu-.VU\ imrivv-.iltr pri->-art^ aiv proUominani ly dependeni on ihe alpha- 

It has hern tn >nsr r*»r*»d bv Dr. Monte Holland and aasooiatcH at Tulane 
r:\ivcrsitv tha: .i,;:-tMnis product ion i>s decreased and outflow facility it» 
irv rt?ah»od l ol Lowing cheraioal i^.yinpathcn'rroniy with h-hydroxydoptimine (6-HD) 
ar-pllt'd topica)ly (o the evc\: of animals. Most import antly > they found that 
the benetiwial pressun*- lower ing effects of epinephrine can be enhanced 
rollowlng tt cht'inital svinpathcctoiTiy * It has more recently been demonstrated 
by Dr. Albert Zellt-r at Nort.bwei>tern Univeriiity^ that monoamine oxidase 
inhihltori; have similar potent latitig effects on the action of Cj^lnephrine on 
the rate of aqueous production and on intraocular pressure in rabbittJ. 
Tl^.esi.* flndingb sug)^,vsted chat pa:ionr:5 with glaucoma might be aided by combin- 
in>» t)-KD with topical epinephrine therapy. Dr* Monte Holland and his 
aiisocia:es conducted a series of clinical studies using thi« pharmacological 
procedure on patients suffering from glaucomas that did not respond well to 
standard pharmacoiugic al treatment. In one study^O they examined epinephrine 
doKe-respon^^e relai ionship*^ and demonstrated that the chemical sympathectomy 
was eftOi tive in lowering intraor.ular pressure over a 5^decade range of 
epinephrine concentrations. The results of a second study*^^ showed that the 
supersonsir izin*; effects of 6-HD obtain with a number of alpha*- and beta- 
adrenergic amines without systemic side effects. However, epinephrine was 
found to be thf most desirable agent because it was effective for a longer 
duration* In rtviewing their experiences over two years with 92 patients 
(128 eyciO ♦ Holland and his asscciates^*^ concluded that 6-HD chemical sympa-* 
thectomy is an adjunct for therapy which can provide a patient who has 
uncontrollable glaucoma a medical alternative to surgery. 

Researcherh at the University of Alabama, Washington University, and 
Ippsala University have been examining the role of steroids in glaucoma* It 
has recently been reconfirmed by Dr, Ralph Levene and his associates'^ that 
steroid glaacL.rna ran be consistently produced in rabbits by topical treatment 
with a It dexaj)c thasone solution over a period of a few weeks* Examination 
t>f fiteroiu ef^e t:^ in humans provided even more exciting results'^ when it 
was found that 85 patients with primary open-angle glaucoma had significantly 
higher plasma Cortisol levels following orally administered dexamethasone 
than did 7 7 normals* In nddUion^ the data on plasma Cortisol level indicated 
a possible trend with age for the glaucoma patients but not for the normals. 
It has al^i> been demonstrated by Dr. Bernard Becker and his associates at 
Washington IViiversity that patients with primary open--angle glaucoma are more 
sensitive to .steroids in both ocular and non-jocular systems-'^*'^. Clearly a 
systemic endocrine marker provides the potential for differentiating indivi-* 
duals with glaucoma. 

Difterential responding to steroids might also provide a methodology for 
ivienti tying in^livlduals who n;ay be predisposed to elevated Intraocular pressure 
and glaucoma* " ^ ^. Dr. Becker and hli'* associates have defined three groups 
of normal individuals in terns ot their response to adreno-'cort ical steroids- 
-high, node rate, and low responders. This response can be blocked to 



ditteriint dugret»H in each of the three groups by pre-treatment with a 
Cortisol antagoniat. It was found that "blocking'' occurs earlier in glaucoma 
patients and in high-oort i«ol responder** than in subjects who are low or 
moderate responders* These data are interpreted as providing further evidence 
for the thi»ory that genetic factors relate the response to steroids and 
glaucoma. 

Research at Johns Hopkins University, Washington University t and the 
Medical College of Georgia has demonstrated that intraocular pressure can 
also be affected by the administration of a number of autacoids (hormones) 
including prostaglandins (PG) » The prostaglandins are a group of fatty acids 
which are known to antagonize the lypolysis Induced by adrenergic agents. 
I'heir biochemical effects are exerted on adenyl cyclase (the target of epine^ 
phrine and a number of hormones) and on an enzyme involved in the production 
of cyclic«*AMP» 

Dr« Keith Green at Johns Hopkins^^, employing the isolated rabbit 
ciliary-body preparation, presented data to Indicate that PC enhances the 
permeability of the ciliary oeii4>rane which in turn results in elevated 
intraocular pressure. The primary site of action appears to be on the 
filtrative channels of the ciliary body. Dr. Tzu Chiang at the Medical 
College of Georgla^^ also demonstrated an increase in intraocular pressure 
with PG*s in anesthetized rabbits and, in addition, showed that other auta- 
coids, in contrast, caused a lowering of pressure. He also reported that 
plasma PG-El levels in patients with open-angle or narroW'-angle glaucoma were 
found to be higher than in non-glaucoma patients. 

The ocular hypertension responses to some PC's, can be antagonized by a 
number of agents. Dr. Chiang demonstrated this to be the case in rabbits 
that were pretreated with either epinephrine or progesterone^^ Dr» 
Becker and his associates at Washington University^^t 25, 26, 27 have demonstrated 
that imidazole (a histamlnic substance which enhances the reduction of cyclic- 
AMP) and indomethacin (an analgesic) were also effective in reducing the 
ocular pressure induced by PC's. 

Dr* Keith Green^^ has also examined the effects of A^tetrahydrocannabinol 
(THC, a marihuana derivative) on aqueous humor production. THC was found to 
decrease the secretion and increase the filtration rate in the isolated 
rabbit ciliary body preparation. When live rabbits were injected with THC, 
intraocular pressure was found to decrease and both total outflow facility and 
aqueous protein level were found to increase. Dr. Green reports that the data 
available to date suggest that the response to THC involves vasoconstriction 
in the ocular blood vessels yielding a decrease in blood pressure, and thus a 
decrease in formation of aqueous at the ciliary body. The vasoconstriction 
caused by THC may also reduce Intraocular pressure by Increasing aqueoua 
outf low* 

Ajg^u e c) u O u t f I cy 

Mechanisms involving the structures in the angle of the anterior chamber— 
the traberular meshwork and Schlemm^s canal-^-are involved in the control of 
aqueous humor outflow from the eye to the venous circulation. Research with 
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mtniiu'yj* by Ur* Atulciii hill md a^nociateii at Uppsala haa rccx^ntly show that 
aa iaiiial oiu^ci 01 voiibiiini arilflcial intraocular preasure ol0vation is a 
progruHHivo iiii r\»a>4o in ouifUiw facility-^. However, this enhancement of 
outiluw only Hhort-Uved; outflow facility decrcaacB after about two hours 
ot maintained preHKuri* eleVvitlon. Scanning and transmission electron micro-* 
* Hcojw indiiaif truit the initial facility of outflow ia due to damage (**punch-^ 

ing ht^U's") In tlu^ endothelial walla of the meshwork and of Schleinm*a canal* 
By 24 hours , the defects* are occluvled by endothelial cells, blocking outflow* 
Along similar linca^ l^r. Morton Grant and associates at the Massachusetts 
Eye and Ear Infirmary have demonstrated that the rate of aqueous humor outflow 
through the trabecular meshwork and Sch lemmas canal can be increased in 
enucleated monkey eyes by mechanically pressing the lens posteriorly. Tliis 
effect was graded, reversible, and repeatable as long as the tissues in the 
angle of the anterior chamber were not damaged. 

Employing the technique of suction gonioscopy, Dr* Bernard Becker and 
his associates at Washington University have examined the phenomenon of blood 
reflux into Sclilemm*s canal^^. Tliey found that the frequency of occurrence 
of blood reflux in patients is correlated with intraocular pressure level, 
facility of outflow, and corticosteriod responsiveness* An additional prelimi- 
nary finding requiring further investigation was that the frequency of blood 
reflux in high cort iscosteriod responders was similar to that in glaucoma 
patients. 

Efforts to improve the adequacy of the outflow channels make use of drugs 
or surgical procedures* Tlie latter are usually reserved until all attempts 
at pharmacological maintenance of intraocular pressure have failed. Para- 
ayrapathetic (cholinergic) agents, such as pilocarpine and anticholinesterases, 
are the medications primarily employed* However, employing a technique 
developed for the determination of small amounts of epinephrine in the 
presence of a large excess of other catecholamines^Z^ Dr* Ernst Barany and 
his associates at Uppsala presented evidence to indicate that epinephrine 
(an adrenergic) also increases outflow facility* 

Advances in therapy with pilocarpine have been made using appliances 
that ^re easily placed directly on the eye* Dr. Bernard Becker and his 
associates have employed soft contact lenses, presoaked in pilocarpine. In 
a study with monkeys they measured the amount of tritium-labelled pilocar- 
pine entering the aqueous humor* It was found that there were higher and 
more prolonjjerf concentrations of pilocarpine in the aaueous with this system 
than with pilocarpine eye drops* In a second study^^ soft-contact lens 
delivery of pilocarpine was examined with primary open-angle glaucoma patients 
who were otherwise uncontrolled on maximum medicinal therapy. It was reported 
that approximately half of these patients benefited from this new therapeutic 
technique . 

Hie soft-contact lens technique is not without caveats* Apparently, 
larger doses of medication are pulsed into the eye in a relatively shorter 
period of time than with conventional eye-drop therapy* This raises the 
possibility for the occurrence of toxic effects. Another device which appears 
to be enjoying more stable effects employs a thin plastic wafer placed under 
the lower eyelid which allows a constant release of the appropriate dosage* 
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Thin UcvivHv^ t>H» u^^.-m . ; .mm. f,.,-oK , * tt^rpuiai ion* 

patientJ^ uiiitiy, the Urus.^rt iiM ) ; 1 t>iVi»*; * -i. .mI >i n i ^ t t i .»*n , v k» » i>r^p»irahl<> lo 

that wllh cvt* drnpr,^ thit iSc ^» ;v i • >^'t'* v\ii' siv.i^ M jo u-ily 
greater , 

With incic.i,sin^ Ji-tailcU i<ni>vua>:t^ t^: U t mur;.toh4y .ircl an-j^roiuv oi the 

surgical tt»clmiqui''i • Aii t^xajntiK* .\\ m a prv lu Uiund *iL the 

Maiitiaihu.set t« Ky«^ ^ino Hat Iiuim\iiv» I^i Ur* Mori-t (■K'ant >rvi hin as^ocj'- 
atejy have atttMupted te devise a mfthou |>UAnt 1 U. i ivn pt.* j*t ?)s i*ni i>l excised 
*»egmenis the an^^le ot the tIui '-^r hwr. nu»,s^ rxporitnentb 
provide evldt-nce th.it t L>w rhrouKh ih; > r\?o^:ure is ^t-n.' r^.s^siiivo to slight 
phy*5ical diBrur i. iv>nr.-^^* By perfusion v\ enucleated oycis, this rc*i?earch group 
has discovered sevvral t actors in micror>urgei*y of Schi^-emmr^ vanal that have 
not prevlounly been recognized-^'. Specii ically : (1) in Che current surgical 
procedure oi probe trabe :ulutomy ah V21^*-^J1^^ there is a .stronn tendency for 
channel;^ opened by the svjrgery lo cloi^e aj^ain, apparcxiLly ab th'* disrupted 
trabecular mcshwork ti>;*uef. y,o hack into place; and (2"^ pas^iinj; the probe 
Inside Schlv»nnii*4» canal d.iinageii the outer wall of the cantil , c.auUniS chauRes 
which tend to hinder aqueous outflow through 'he collector channt^is* In 
addition, in rotnparing a number ot trabeculotomy techniques in enucleated 
eyes, these investigators find that internal trabeculotome yields a greater 
Increase in aquemm outflow than does trabeculotoray ab externo and Huggest, 
therefore, that it is more promising for clinical use. 

Dr* 'irant ha^ albo exairined the icaslbilivy of cyciocT^yotherapy in 
treating a nuiaber or tvpes ot advanced* Inadequately controlled glaucoma^^. 
At the end or f->l low-up periods of approximately ont* year, the procedure was 
found to have maintained a reduction in Inrraociilar presi^ure in more than one 
half of the cases. Complications did occur in 16 percent of the cases, with 
significant decreases in vision in 5 percent of the patientn. 

Considerable research is being conducted In a nuu^h^r of centers to examine 
various types of laser s>;rgery in the treatn)enc f^f glaucotna* It is hoped that 
laser energy, and the cnniomltant benefits of laser surgery in ;7,eneral, can be 
employed in effectively decreasing intraocular pressure. 

-3 ^ ^ISt^f ^ * '„AN y AS cmj^^ Mf;ects 

One of the most puzzling acpocts of glaucoma is how elevated pressure 
within Che eye causes the dcstrtiction of the optic nt-rve. P'or any given level 
of pressure, sonK* patients have m«^re resijitant optic nerves thnn utherSt 
Inhere is considerable evidence that optic nerve destruction and the visual- 
field loiis of glaucoma may be caused by changes In the blood circulation of 
the eye. Tluis, it 1b import* ant to evnluate tne eye\s circulatory svscem as 
well as the Intraoiular pressor*-^ in studying Rlaucoma, 

Kvidence t«^r n'dticed vnacn 1 .ir i ty in glaucoma r^mcs t rom rer^earcb at 
Uppsala Unlversitv and at (leoige Wabhlngton Univen^itv, Dr. Anderi: Bill and 
his associaten have shown tJ^at blo<>d low vhrou^i' the optic nerve head can be 
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improved by rediu Ing iiUfaov-ular presiiure and not^slbly .U150 by raising blood 
prcawurv^*^. In addition* thi-y have nlr.o shown^O»£»l topical administra- 

tion ol pllooarptnc und nooHtigmlne m monkeys reaults in an Incrcaae in 
bUH>d now through the .jnti'i'lor uvi>ii. Dr. Maiusour Armaly^2 employed heat 
conductanof aa a inoas-iurf of blood-flow rate in cats and monkeys. He reports 
that rerourkable changoss occur in both the choroid and optic-nerve circulation 
HH intraocular pri?*{Hur»' ifv manipulated. 

Recent studies by Dr. DouglaB Anderson at the Baucom Palmer Institute at 
the University of Miami have been concerned with the acute effects of intra- 
ocular pressure on the optic nerve. Intraocular pressure was elevated by 
meanb of a manometric system through a small needle inserted into the anterior 
chamber In the eyes of monkeys. Various parameters of optic disc function 
were studied. In one cxperimcnt^^, it was determined that the resultant 
ischemia produced graded effects on the optic disc which were correlated with 
the Induced intra-ocular-pressure level. However, these were also accompanied 
by graded etfects on the outer retina. Even though the disc and the outer 
retina are served by the same blood supply, the latter effect is not a common 
observation in glaucomatous damage. ITius, these data suggest that non-ischemic 
pressure- induced effects may be involved in the neuropathology associated with 
glaucoma. In a second experiment^^ , ischemic changes In the optic nerve were 
studied bv recording optic tract responses to flashes of light directed into 
the eye. It was found that elevation of intraocular pressure did not diminish 
nerve fibt'T conduction until the Intraocular pressure was elevated to diastolic 
blood pressure, Tliese data suggest that when intraocular pressure is elevated, 
the nutrition to the disc can be adequate for normal metabolic functions, and 
that the disc is not starved until intraocular pressure is considerably eleva- 
ted. 

Dr. J. Terry Ernest at the University of Chicago^^ describes a double- 
cannula technique for measuring, in cats, the tension of the optic disc while 
manipulating the perfusion pressure. His studies indicate**^ that the blood 
circulation at t'e optic disc autoregulates; that is, it can adapt to short- 
term decreases i perfusion pressure. This finding is supported by a study 
involving fluorescein angiography of the disc^'. Dr. Ernest suggests the 
possibility that high intraocular pressure may contribute to the breakdown In 
the autoregulatory mechanism of the optic disc circulation. 

A group of studies by Dr. Bernard Becker and his associates in St. Louis, 
^B-U9 has been directed at examining drugs which may protect the retina and 
optic nerve from damage despite the presence of anoxia due to reduced blood 
circulation. These studies stem from the suggestive results of an earlier 
pilot study with humans in which diphcnylhydantoln (DPH, an anticonvulsive) 
appeared to protect 1/3 of the glaucoma patients treated from field loss. 
Basically, employing an in vitro rabbit retina preparation, it was found that 
one effect of hypoxia was a reduction in the amplitude of the electroretino- 
gram. With the administration of DPH, this reduction In amplitude was inhibi- 
ted. Further studies arc being conducted to examine the possible therapeutic 
role of DPH In greater detail. 

Ur. Morton Grant at the Massachuaetts Eye and Ear Infirmary^O reports an 
Interesting condition in which obstruction of retinal hlood flow results in 



«l«vtttlon of Intraocular pressure. He has identified and documented, in seven 
patients, a new clinical entity vhlch Involves a reversible unilateral shallow- 
ing of the anterior chamber, with angle closure, resulting from occlusion of 
the central retinal vein. 

IMPROVING DIAGNOSIS 

llie basic tools employed in the diagnosis and measurement of glaucomatous 
pathology are gonioscopy, tonometry and tonography, perimetry, ophthalmoscopy, 
and angiography. Much current research is being directed at Improving these 
methodologies. 

Schlotz tonometry is employed to ascertain intraocular pressure by 
measuring the depth of indentation of the cornea when a standard weight is 
applied. In contrast, Goldman applanation tonometry measures intraocular 
pressure as the force required to flatten a standard area of cornea. Schlotz 
tonometry is usually performed with the patient lying down, and applanation 
tonometry with patient sitting. Dr. Douglas Anderson and Dr. Morton Grant^l 
have compared the two techniques in 906 patients and report the following: 
(1) Pressure measurements with both techniques are affected by the position of 
the patient; (2) pressure changes with position were greater for patients under 
medication than for those not under treatment; and most importantly, (3) 
Schlotz measurements are not as accurate as applanation measurements and can 
be relied on for only rough estimates. In this regard, Dr. W.K. McEwen^* has 
described an information-processing methodology that can be employed to Improve 
significantly currently used data reduction techniques for Schlotz tonography. 
However, there are other problems with Schlotz tonometry and most current 
efforts (for example those by Dr. Richard Brubaker at the Mayo Foundation and 
Dr. Irvln Pollack at Johns Hopkins University) are being directed at improving 
applanation techniques'^** 5A. 

Because one of the first signs of neural damage is excavation and cupping 
of the optic disc, evaluation of the disc is most Important In the diagnosis 
and treatment of glaucoma. For example. Dr. Bernard Becker and his associates 
at Washington University^' have recently measured the vertical-horizontal ratio 
of the optic cup in glaucomatous and normal eyes. Vertical elongation was 
observed in 33 percent of the glaucoma patients, but In only 4 percent of the 
normals. Investigations directed at improving the evaluation of the optic 
disc are bi?lng conducted with NEl support at a number of research centers. 
Among these are studies involving mathematical analyses, computer mapping, 
and laser and contour angiography of the optic nerve head. 
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part :f fr rr^ir f^rt^.ist :r:^ t'^. I: «.t ir.t '-.m*!- ir,e 
perceive;: ;s rt ::''5tr^:rtz frrx t*.ri*:rr :: t.t r^^* ^:s:t;^^ i;rr"^ 



frrs t^e evt. a::c:t:r^ zzt.^zt^zz ^r.t z^:.*^ -^t-^i^ zzit zri^.z runt 

also crr.rrrl r^c tcc^c-r. :f t^t e^es s: zt zz.^ .jr;^*^ r^ECgu^ra ::^tz^:r:^ in zn&. 

sc thai a slr.3?le i::ta?e :s ^•erc«:.v>ec- -f rr.t ^sf-ert-i^ :..T^:'rsiir: . in z::nzTzl- 



feedback systen, $-^-r. as strariss:^ £c;^^r.c . iCsi fi^uixc XitTt irr> JtucJ^es -n 
ciscrcers rf perctptirr, s:^:^: as ssrl/rria- It, *i tnciie iiii:l» j-rl^^ 

vhicn have a tireir z^3^z^ n^-^' £tur.i.t:t eri; stuimi^^tsi *n:.-in :;rT-r^^ 

lacre f unw^sier.ial t-^r.:** le::ge if zz.^ ^rzT.zz^zz.\.rt i: i.:ii: ^^i^ui.- i^i:i.i5r me 
bra:ir, ar.i the ir^tr%'&t:.cr if r^^szlts zir::mH*.T4 ^&^?eDa2X:t i^i ine ^"^t^. 
Finally.^ theitr ar?? si^ies i-r t^rie;:r ^i?r , cr**: -rt.*:s::T«ii.fet f iSiin :..ni^Tg if r^ti 
entire visual systes i : ^rK*'<^ it^ckJ:* ^it*^ sr.sot > i.:^>ir icu i.iir^'tii— 
sicnal frm, ar. is^aze «^:i^ r^^- i-^ i;c « :;.r4 ~«^.:.ci tuistM i::«ii la 
agairist a taciLgriur.c if it^y rtr^er st-a>es ^ 

ture and f w:cticr.ii^ ci ti^ ZiZTs^l n-igjET Tr:usu-«^ f^ei.*;5: Htc i.xi*tric:*^ 1^^^^ ihi* 
groundvcrk recessar'* fir cllnt^ iri^^siiixei-in^ -t-i.i ute i-iiuf&w*: imx irstaciBttsit: 
of abncriLal cr c^sea^se ii^itins. rurt^-.tfrscrt , i^ir^rutn ictrisr tni^ r:mcT:::ac 
of the visual nerv^u^i sT^te::^ cac tfter >e m cusminsaE :i:nosini.ixg tine 

nervous system azzz z'z^ Dei^rDsa-siular svsretES rf iikt iii#r« mrnj'i:^^. 

EYE MCVEhJENT 



the fixaticn target t:^ fall zrz zz.s frvea.. Zz z^ zzzmsz iibusc t.i sa^za:^ 
fixation ot^ the target, zzs eye x^tas c i.3t:i5::.si.er:t put :,..t:;..ii'r'nitr3;d^ t^arram 
of slow ani fast SLlmatT^re scv^esent*. Ir ccLl^sirrrrsri'^^*^ ^ipi-risasina nsncucraii 
at the Ur;lversitT if K&ry 1 ar*c » Scrtt-e^sien: T-r^ wer^i^r^ . sue J«i;i3r^ ^a^ri:^gt:.in 
University Wtecica:! Center, :>r- 5ci^rt: S-e:jnEcr» X-r, taciciac. 
Dr. Alexander TicavensiJi^ I-r* «ry^iiE:: rjer*: zsn^i ^ i4aTi-4c iine ^liaraH 

which these miniature mrremecn* ^re ltr^l.;sDC«:r^, E^'i^iri- HSgKinjg , rr r^flast:!^- . 
Tneir results tncicete t?:at tr^e mini.sr'*:ret rii?:i.c :t35S5>£ if z-za^ ^^caoes 
made during fixatirc: are ;ri^*r«ilY r^t different frsst niii i-i**r-icn^r-ijr 1,-13 asic 
probable fxr^cticr^ if large sattaces ca::^ cn:n.r4 vi.5u3£.l exi -.iT^i^.m- lecrrnctl-^, 
tht investigators ft^unn t'l^ ^mzzz. rrant:.!^ t^irni. niir^gr snr nnniL**' iun:'*cn3 iculn 



tnd nonspecific chmnge* occur in iubcellul4r crs4^:ix4t i::r.* These obiervationi 
in Che mouee ere expected to tell ut much *i>cwt tr.e ?4th?5logy of human extre^ 
ovular muecle dyetrophy. 

Since all oculomotor neurons participate tiJtpiy to produce a required 
muscle tension without regard to the typt zi rurrveatient ^ the supranuclear organi- 
zation must be arranged to produce the cbser-^ec actcr neuron behavior* Several 
lines of research have shown that each cf the t>"7«s cf eye tacvement (saccadic » 
pursuit, convergence) are governed by separate r.eur: logical substrates at higher 
central nervous system levels* Several lahcratcries have reported data indi- 
cating that inputs from these separate syste3i;s are integrated into a common 
neural output at or before the level of cculc^tcr :;eurcns, Tne question is 
whether this Integration takes place at the itctcr neurcn itself or at some 
Supranuclear interneuronal level* Dr. Ecv^arc Keller at the University of 
California^ Berkeley, has studied the behavior cf bcth the abducens and oculo- 
motor nucleus motor neurons during accoinmocat :.ve convergence eye movements in 
the alert monkey 7. The observed behavior was cMtpared with that of the same 
neurons during versional (parallel or cc:;:j*j.gate} eye Jicvements* The behavior 
was found to be identical, indicating that cculc^ictcr unit dishcarge is deter- 
mined by fixation angle without regard to the typ^ zi movement used to reach 
that angle. An analysis of the unit firing rate alsc suggested that the sepa- 
rate inputs controlling vergence (antiparallel cr dis:^ uixc tive) and version eye 
movements are probably combined at soae svpraenuclear level before the motor 
neuron. The present study of motor neuron resp^:rnse during vergence adds quan- 
titative detail to our understanding cf the fl-al level cf the oculomotor system. 
The results, showing that inputs irovi vergence arid versicn systems are integrated 
at some neural level before the motor neurcn, were net entirely anticipated 
since various studies have d«nonstrated the independence cf disjunctive and 
conjugate eye movement. The vergence and version centre! signals seemed likely 
candidates for summation at the oculomctcr neurons- 

Dr* Alexander Skavenski and Dr* David Rc^binscn in studies conducted at 
the Johns Hopkins University and School of Jtedicine have investigated the role 
of the abducens neurons in the vestibulc-ccular reflex^. The eye position in 
space is the mechanical difference between the head pcsiticn in space and th# 
eye position in the head. Head motion could disturb vision if compensatory 
eye movements were not generated by the brain* Seac rotations produced as an 
animal moves in its environment lead tc castpeniiatcry eye mcvements which pre- 
vent images from sweeping across the retina tec quicVly. To insure that eye 
position in the head is just equal and opposite tc the head position in spaci, 
the brain must be able to sense head positicn. T>e resulting response is known 
as the vest ibulo-ocular reflex. These inve-stigatcrs studied the motion of the 
eye of an experimental monkey in the light an^d in the dark when the head of the 
animal was rotated in a measurable fashion. Siji\;ltaneously , they measured the 
discharge rate of the abducens motor neuron. Tr.e relationship between discharge 
rate and eye position did not change when eye position was determined by either 
visual or vestibular stimulation. Further* nc difference was found in the 
relationship between discharge rate modulation and eye velocity when the latter 
was induced by visual or vestibular stimulation. Tnese results suggest that 
motor neuron behavior is determined only by eye position and velocity and is 
not determined by the type (saccade, pursuit, vergence, or vestibular) of eye 
movement that created the position cr velocity* Changes cf eye position in the 



ERIC 




head vt-rt* fcuni to t^rual and oppoi^ice to changes of the head position in 
fipace over the ra:\);« ^" f about .01 or 1.5 Hz during sinusoidal rotations of the 
head without vision. The investigators have suggested that there exists in the 
brain ntutn a neural integrator between the vestibular and oculomotor nuclei 
which converts head velocity signalts to eye position signals. The phase shift 
obi^ervevl in the^e experiments between Che head velocity and the discharge 
pattern>s or mot^^rneurons can be anticipated only if such a neural integrator is 
postulated in thr pat-i nf the vestlbulo*-ocular reflex* 

Drs. Mbert Fuch>s and W Buttner of the University of Washington have been 
Intc^rrsced in the modulation of visual information processing by eye movements* 
Durin)^ eve movements the perceived visual world seems to be stationary, whereas 
a moving object presented to a stationary eye causes the perception of movement • 
In both cases, a moveir^ent of retinal image occurs. Previous physiological 
studies in other laboratories have suggested that the dorsal nucleus of the 
lateral geniculate is the earliest station along the visual pathway where visual 
and eve movement interaction occurs. The investigators at the University of 
Washington have now studied the discharge patterns of single cells in the 
lateral geniculate nucleus and the pregeniculate nucleus of the alert monkey^. 
ITiese discharge patterns were analyzed during spontaneous saccadic eye movements 
and unit activity was recorded either with the monkey In the dark or subjected 
to short flashes of light* Eye movements were carefully recorded and compared 
to the discharge patterns of the recorded cells. Nearly all of the units 
isi^lated in the lateral geniculate nucleus exhibited no change in activity with 
a saccadic eye movement in the dark or during light flash stimulation, and the 
invest iK--' tors have concluded that no visual and oculomotor Interaction occurs 
at the lateral geniculate nucleus* Of the 55 neurons Isolated dorsal to the 
lateral geniculate nucleus and believed to lie largely in pregeniculate, 39 
exhibited a clear change of activity with all saccades in the dark. These units 
either were usually silent and exhibited a burst of activity with a saccade or 
discharged at spontaneous rates and exhibited a pronounced inhibition with 
saccades. However, the activation or suppression of activity began an average 
of 80 milliseconds after the saccade. Of the 39 units, 26 also responded In 
some manner to the flash stimulus. These results indicate that the pregenicu'- 
late nucleus receives both an oculomotor and a visual Input. However, the 
saccade-related unit discharges appear to occur too long after the movement 
either to participate in saccadic suppression or to aid In differentiating those 
movements of retinal image due to eye movement from those due to movement of the 
visual world, per se. 

Drs. Samuel Ron and David Robinson of Johns Hopkins University have con- 
ducted a quantitative investigation of the direction and type of eye movements 
evoked bv stimulation of each subdivision of the entire cerebellum In the alert 
intact monkey Each subdivision was systematically explored and eye movement 
and stimulus current were accurately measured and recorded. Three regions of 
the cerebellum were found to participate in oculomotor control. Within each 
region the type of eye movement was the same but the direction varied with 
stimulus location so that all eye movement directions were represented In each 
region. Saccadic movement was found to be evoked from the vermis, lobes V-VII. 
The directions of the saccades varied with electrode placement. Saccade ampli- 
tude was independent of pulse frequency, pulse width or pulse length, but, 
above threshold, increased with increasing stimulus current. Another reglca 
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T^ii^ntii whi^-*t vci's^ltv in> iSi J v!M; an in . ' ' >t ^^vir tor**. 

Istnooth movv^mci/ ^ sue ties un»::j!-^* - ui-'; t t - » t nu. n --alU Lin** 

tiarjt? tHrtHii »n. hi third rcj^Mnn uvi- * n 1 r;i-*r m^,- Oac f 1.tu1»j!^^, ^ 

ivom this n.^)2:: M^.. All '-thcr str^j/Mu : cr.r i'ufi^hiO tv (^Mvsldt red 

a stimulus curr^Tit >i I ni 1 1 i an:;» , tV^*- .* ; ^ ri'.p»:o Msult^: n:i.-«uut a ^^airlv 
coherent piiTurf <^ ? tvpes »^vi' ,' ;:'Mi' ^ rn^^t ari' .r..-,'*^-- i u - wit h the 
varl^^ub iH'rrbei lai divisions* The ; uv^ni ' k;.if v. lu>pe I'^it L:.;'?>e rf'iSuItii will 
cle<ii trie wav tor 'V^n- v.i>mp!ox oxpt^mn. • 1 will pro' uU^ a ;:vMy understand-- 
in% of t!v^ role *hc rorcVellum \n rh* .i M-'iioi o: oye TTiov»-ni»?nt » 

In KtuJiiH i..-nductei at the Valvar »;tv Califoxnia, Ht*rk*-*1 v>y j Drs. 
Gtrald Wesrnoin-or and vSidnev I'lair 'nv^st j ^.atwici the rolo of t.hv^ brain >Ueni and 
cerebeilun* in the control nf vvc no^^cuvnt. Tiuiy found^ ^ that sLinulatiun uf 
certain rc*?;tuns of the brain i^tc^.\ of al rt rionkv-iys '^auhed an Inhibition oi 
saccadic t-yo n^.cvvuionih. For thte dar;itiM\ 01 tlu* st vmulauiLn , nr. «aceadlc move-- 
menCs were carried %^ut , rej*ardlos;» (>r the v:sual btitnuius, !^^^vover» ni) inter-- 
f erem e with sr.cuth pursuit eve :*K»venent-i <>i tionvergence eye movo^'nunls was 
evident, nor did accommodar u^n or vestibular eve moveinenit* appear to be affected. 
The;>i-' rf?^v:Ics, as hiw others ^ huhK*-^?^v t'n^t fiaccadic ey<j movem^^nts are difft-^r- 
ent from :^ther 'la>i.scs of eye nicveneni. The funetinn of the cerebellum in the 
control ;jt eye r.ovenent was studied by Drs* Westheiira^r and Rlalr in cerebellec-* 
ti^irazed nw^'^.keys* These .^niT.als showt*d an inability to niaintain an eccentric 
ga^je. A sac\.ade into th.e peripheral field was always fol loved by h drift back 
toward Cfnti::! v^aze. Two other abnornial i t i as of eye movement control were 
appr.rer: ! r\e a'^se,;ce uf all ?»mooth pursuit movenentf* and, ourin^ the first 
week after ^ n'rebel lectomy , an absence of c<>nvergence TT'ivenunits . This latter 
deftict wa.4 partialU overcame ac longer pt>stoporat ive times. However, thes*i 
monkevi* nev.-^r fv. .ly r^^covered the ability maintain a ccnverp.ed position of 
the eves* other tvpes of eve movement did not appear to be afiected: saccadic 
movement ^ is perfectly normal, and no abnormality in anv phase nf the ve*;tibulo- 
ocular re<;pv>n*;e was observed. These invej^tiga tors have hugger.ted that there 
is soi:.ethtnR special about straight ahead ga7-e in orulomotor function i>ince 
after cerel e I lectomy thii? !s rr.alnrained w!)en gaze in no other direction can be* 
The motor r.e?:rons from oculomotor nuclei recorded in alert cerebellectomizcd 
monkeys fired at their usual, quite rapid r^tes when the monkey was looking 
straight ahead, and their dJscharRe rates wore foimd to he modulated ^n the 
expected wav durtnj;; snccade^i and drifts^ Thus, it appears that gaxe-'holding 
failure is no: due to an inabilitv of the motor neur''*:: It$;el.f to continue 
flrine. Furthermore, the results of thi?; study arcuc that the mechanism for 
maintaining, a ^iCeadv impuls^e rate in oculomotor neurons during straiRbt ahead 
ga^e does nrt rcs:dt m the ci^rebeUum. 

Tn ' *udi<s v^^h I>r* Suzanne McKee^^> nr. Westheirer has shown that smooth 
pursuit ^-^^^H movetuent ^ involve an element in their neural control that is not 
describab'e as the equivalent of a steadv state eva position or a sir.plc func- 
tion cf its r'te <-f -^hani^e. These rlndinf^s are in -onflu^t with Dcr.ders^ Law 
which stated that the orlent/Jtion around a fixat^'Cn axis jr. alwav-: the same no 
matter what movement prov^eedcd tlie :irri'Ml ^;he ev^;» in a r. :^H'n fixation 
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}:n>j* I c 11 V data M\^! ti e Vv I h o! W<vsthoimer and McKee show that Dondcrs* 

? iv .ix>os li.v' i fc^t the pufhMit hvrAi^rti. Mot only may the observed torsion 
asn.^ciati-c^ wit! a 'n* vk.*; dl^'for from ihe torsion found durlnp, steady fixa- 
tt'^r., hv^ thr an--t c^i^d xhv ni7.t* nf iht* torsion also varies with the direction 
nt The tn^tloti. r u ^ nvv:>t igat t-rB do not as yet have suffirlent data to form** 
ulcK*^ neural riivs r»'r.ni!!n^ the dlrtu-'tlon and extent of this additional tor** 
tui u en *4^;vJcxt'f' sr.i>»i:!; ovi' mcvv*mei;is* Tht^&e studies, eloctrophysiclogical 
^'^1^nle, and suh,fTt.v^> rvat I ons 8URgf»st that smooth eye movements^ unlike 
s.v cad->H, »iro not - >ppt*nbarod tor In sp^ce perceptioni. Apparently, significant 
ditrt-rcncos t.*xi^t *r. r n«^niral 8ub*Jtratos of smooth tracking and saccadic eye 
n.ovomont n . 

br* P.arbnra Ci rdon of the University of Oregon has studied the responses 
or Ti^urcnv* in tno buper::^r coIHculus in un anesthetized cats-^-** The receptive 
*iold pruperritv. .^f xaAi^ in the ^uperfioial layers were found to be siniilar 
thosi. i.ri*vi..uslv iii:.^crlbevi 'ov anesthetized animals* The least sensitive 
poriur.s of t^^»' :.'vtr^,:vo flold, however, disappeared under anesthesia. Thus, 
an^'s^b%>si 1 ha,- ct*ect >f decreasing the size of the activating region of 
the rt^tptive tield. Visual receptive fields were found in these studies to 
b» tiiuo^ ^arj^er a:: lUc deep cnllicular layers than in the superficial layers, 

diM'; layer rcci-ptivc i lelcs included the entire contralateral visual field* 
Mv vl-^^T • lyex It^ rcj^pondc!d to a wide range of stimulus sizes and shapes, 
v-rt^ Ai'^t^ci.o) U:v selective (responding only to movement with a horizontal 
vrnipvuiont f^^w.ird thi* perlphtn' of the contralateral visual field), and 
rcHDi'^nd-ii inavir.al 1 v tc rapid stimulus movement. Many deep layer units> espe- 
cial Iv chose ir :Kt* Literal portion of the colliculus responded to auditory 
<r ,.^!ra:Ii^ .;ci!r\:Ii. A M inber of units responded to both auditory and visual 
j>rin.u*i» and j fcv rc^^pouded to both somatic and visual stimuli* TV^ase recep-- 
t v/t* *\%'\d pio*>t'ri^ts arc consistent with the notion that the colliculus may 
S*- u^f d m ^ ^niT* 1 or head and eye movements made in response to moving 
-;i:ri/!. The .oil', ics, i ^bed in Dr. GordonS studies may provide information 

M;r J. V iw :vMr.\l nhlc to track n stimulus visup.llv regardless of whether 
trKir .^ t IS initi'.W impinges on its visual, auditory, or somatic sensory 

Siiidit^s . t^ndut red by Or^i, Westhelraer and Blair^^ suggest that the motor 
patnwav^ ^v>r ircotnr.odat tt^r (tht* alteration of lens shape) does not have a 
Hvnnpj^e \i\ the rMiary ganglion while that for pupil constriction does. This 
con. hj^ir.n . r mt's :\\^\n i nvi-s i i «at ions which indicate that the sphincter irldae 
and the .miliary iruscU-s of the alert monkey differ in their frequency response 
to intracrnninl electrical si Imulatlon of the third nerve, Furthenrore , local 
application o»* nicotine to the ciliary canglion abolishes pupil constriction, 
hut not .icrcnm^^dat Ion, \x\um electrical stimtilation of the third cranial nerve 
proxitr.al t > tV.t . '. nv Rnnr.Uon. These results are very suggestive that there 
cxiHts an un intcrr upLt u nt'uronal path to the ciliary muscle* This conflicts 
with 5,L'nrrallv a. '.cpr^^d thtniriot- of the pattern of Innervation of the intra- 
Qculnr nuf^cles* 

VISPAh VFRVlKS SYSTEM 



;'t.,si< :;M!lca! studies of neuronal activity in the visual cortical area of 
tK*» mmkcv havi» violdcd considerable information on the functional organization 
of rhest> aroa?;. Ihc study .^f area 17 has shewn that at least two svstem 



of neurons occur, arranged in a series of columns extending from pia to white 
matter. One system has common receptive field properties within each column 
whereas the other system is aggregated according to eye dominance^ A hori- 
zontal organization Is also evident which corresponds to cortical layering, 
separating simple monocular responses in lamina IV of the cortex from complex 
binocular responses in several laminae. Dr* Jennifer Lund of the University 
of Washington School of Medicine has conducted anatomical studies designed to 
establish morphological correlates for these physiological flndlngs^^. 

She has attempted to determine if there is some simple basic plan of neu*- 
ronal organization in the visual cortex which might correlate with and be 
testable by physiological studies* The monkey was chosen as the experimental 
animal because the primary visual cortex (area 17) of the primate is more 
sharply divided Into a series of clearly limited laminae than is that of the 
cat or rat, and these divisions provide a useful set of morphological landmarks* 

Dr. Lund has found three basic cell groups in area 17? pyramidal neurons, 
stellate neurons with spiny dendrites, and stellate neurons with spine-free 
or sparsely spined dendrites. These three neuron groups show different dlstrl-- 
butions in depth from pla to white matter and differ in their relationship to 
the zone of concentrated termination of geniculocortical axons. The neuron 
type most closely related to the laminae receiving a heavy geniculocortical 
projection is the spiny stellate cell* This cell type is restricted to lamina 
IV. Pyramidal neuron cell bodies *;*e almost totally excluded from lamina IVC 
which contains the broadest band of geniculocortical axon projections. The 
apical dt^ndrltes of lower pyramidal neurons bear many fewer spines in lamina 
IVC than in lamina V and VI. The basal dendrites of upper pyramidal cells 
spread superficially and deep into lamina IVA. The area of thalamocortical 
fiber termination, rather than within It. Spine-free stellate neurons occur 
at all cortical levels and the sparsely spined varieties have not been found 
In lamina IV but occur In other laminae* These and subsequent anatomical 
studies are expected to provide us with a road map of this portion of the brain* 
A clear understanding of the neuronal Interconnections should help to explain 
many of the findings of visual neurophyslologlsts and point the way toward 
further productive physiological studies of the visual process In the cortex* 

The longest fibers of the optic tract reach to the upper layers of the 
superior coUiculus of the midbrain. Dr. Gerald Schneider of the Massachusetts 
Institute of Technology has studied the effect of lesions of the superior col- 
llculus In newborn hamsters on the formation of abnormal retinal projections^^* 
The normal terminal area for optic tract fibers was destroyed in newborn hamsters* 
The animals were allowed to grow to maturity, and the distribution of the optic 
tract fibers was studied at that time* Considerable evidence of termination 
was found In areas normally devoid of such optic tract terminations: the remain- 
ing tissue of the colllculus and the thalamic nucleus* An abnormally high 
density of terminations was found in part of the ventral nucleus of the lateral 
geniculate body. These thalamic regions received connections from the superior 
colllculus In the normal animal* If the superficial layers of the superior 
colllculus were destroyed unilaterally at birth, axons from the eye contra- 
lateral to the lesion not only reached the area of early damage » but formed an 
abnormal decussation, crossing the tectal midline to terminate in the medial 
zone In the undamaged colllculus* Axons from the two eyes appeared to compete 




for tirrminal space in thiii intact colliculus, because they terminated In a 
nonover Lipping manner* If the axons from th** eye contralateral to the remain-^ 
ing colUculua were eliminated at blrth> the anomalously recrossing axons 
Increaaed in quant ity and spread across the entire superior colliculus on the 
'wriMiR** side oi the brain* Hamsters with such an anomaly showed wrong-direction 
turnin).* in response to visual stimuli in a large part of the visual field. 
These studies prc»vide new information on the factors which control the routing 
of aftcrent retinal fibers during the development of mammalian visual system, 
Lesionji studies such as these can give important insights into the factors 
which control development in the normal system* 

Dr* Frank Walsh of the Johns Hopkins School of Medicine and Dr. Richard 
Lindenberg of the Baltimore City Morgue have completed the first volume of 
NVuropatholoi^y of Vision: An Atlas ^^> This two volume set is Intended to sup* 
plemeni major olinical texts by providing visuol assistance to students and 
all physicians intc^rested and engaged in the diagnosis of lesions Involving 
the visual pathways: the optic nerve headt orbital optic nerve> intracranial 
optic nerve » chiasm* optic tracts lateral geniculate body, optic radlationi 
and calcarine cortex* In each case» the pathology of the structure is dls* 
cussed iind illustrated extensively. The authors of this atlas hope that their 
publication will serve to integrate basic information regarding ncuroophthal- 
roological diagnosis now found in scattered publications throughout the 
literature* 

The retinal ganglion cell serves to integrate the responses of several 
retinal photoreceptors and is thus the first locus of visual image processing* 
Current theory holds that the output of a given ganglion cell is controlled by 
r»o spatially overlapping mechanisms: a "center'* mechanism and a ••surround" 
mechanism. For an on-center > off-surround ganglion cell> the center mechanlsni 
would cause excitation during the period when the light is on and Inhibition 
after the stimulus is terminated. The surround mechanism would cause inhibl-^ 
tion when the light Is on and excitation after stimulus termination. The 
response intensity curves > which are used to describe the fields for both 
mechanisms, have their maximum strength in the center of the receptive field. 
Tlie curve for the center mechanism has a higher mean and lower standard devla*- 
tion than that for the surround mechanism. 

Given these spatial and temporal characteristics of the center and sur- 
round mechanisms, it would be expected that the response pattern to a stationary 
stimulus would be dependent upon the stimulus location in the receptive field. 
According to the models three basic response patterns should be observed for an 
on-center, off-surround ganglion cell; (1) in the center of the receptive 
field, a stationary target should produce an on-responsc; (2) in the distant 
regions of the receptive field periphery, an of f-^response should be observed; 
(3) in the region closer to the receptive field center, a double^ on and off, 
response should elicited. 

Drs. Ray Winters, Terry Hickey, and J* Pollackt at the University of Miami, 
have examined the effect of variations of stimulus distance (from the receptive 
field center) and target intensitv upon peripheral response patterns of single 
on-"center retinal ganglion cells^^. Their results revealed two types of on- 
center units. One group responded to annuli of light flashed outside the 
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receptive field ct»niet rev^iin^ witti bii:si^ i»i ;Ki;vit^* it 1 - ^ a \\w -nsct and 
tannlnai iv^n of rlu* Hiimut u^. Thvs» rclls woti*^ ihvr^, o'^'-v c^.tor , on-of f nur- 
round c^Uh* A s^^c.^nd group of cclih gave rcsp. n^es t:bal or^ *iimilar t"> those 
preditned bv tlu^ spat 1 all v-oVfrlapping» dual m^^c^^anl^ra tSa.nrv: thc*v were on- 
cuntt^ri of f^^surrumd rtt'lls. 

In related siudit^s^ Dr» Vlntt?r^» toRetlu*r with Terry Hlc'u-y nnd D, ^kaer, 
has examined the vii^ct t^f varvinp thv of the irtlmuhiting flaali of light 

on the responses ti^ lhe*^e tvo tvpc»s rt^tln^^l ji/inelion ct^ll*;*!^. The BtlTnu-- 
lating fia4*hi*H wer»^ annul 1 of const.iJit innlde diaF.t>tor hue varying outJitdc 
diam<!ters* The two groups of cells cuuld be distin^uinhcd the batiis of their 
responses tn rhangt^s in annulud i^izv. Hegardlcss of the location of the stimu- 
lus in the receptivi^ field p€*rlph^>rv, the firat j^roup of cell?i showed spatial 
summation of both the on-exo nation an l oi *^-excitation responses. The c^ffect 
of stimulus sire on the responses of Lh<^ second group of cells was more complex^ 
appearinn to bt* dept^ndent on rhc location of the stimulus in the receptive 
field periphery. If the inside portion of the annulu?> wa^ ntiar the receptive 
field center, la the on-off ^one, then ^mall increase?^ in i»timulus si3?e pro- 
duced an increaz^e In the strength of the excitation whereas large changes in 
stimulus 3izv led to a decrease in the strength of the on--excitatlon» Off- 
excitation, on the other hand, was a function of spatial summation across the 
entire receptive field periphery. Thus, the center and surround mechanisms 
appear to be spatially coextensive for the first group of cells but tjot for 
the second, at least In the receptive field periphery* The&e results add a 
new element of complexity to the picture of the retinal ganglion cell integra** 
tive function* 

Dr. Duco lUmasaki and associates at the Bascom Palmer Eye Institute in 
Miami have embarked on a study of the neurophysiological impact of visual depri- 
vation < n each of the \ *sual centers from the retina to the cortex. In a recent 
study-^^ they havi^ detailed the response pattern of two tvpes of ganglion cells 
in the normal (nondopri ved) eat retina^ One type of ganglion cell exhibited 
the so-called <iustained response: when a small stimulating target was moved 
to the peripheral, inhibitory, portion of the receptive field of the ganglion 
cell, a reduction in the firing rate of the cell was noted. Then, as the 
target moved from the surround to the center of the receptive field, the firing 
rate Increased to a maximum and remained at an elevated level for the duration 
of the time that the target was in the center of the receptive field. The 
second type of ganglion cell, the transient response cell, showed no evidence 
of entry inhibit ion » However > as the stimulus reached the center of the recep- 
tive field, the firing rate Increased suddenly and then dropped back to the 
spontaneous level almost as rapidly* The investigators have determined further 
that with increasing stimulus intensity^ there Is a linear increase in the 
maximum firing rate but no significant change in the size of the receptive field 
center. This observation indicates that the response properties of the center 
and surround components of the receptive field must be changing proportionately. 
These studies serve as the controls against which these investigators will 
compare data from their studies on ganglion cells from visually deprived animals* 

The superior colHculus of the cat receives visual inputs from both reti- 
nae and from ipsilateral visual cortical areas^^ • ^^'^^ and the Clare-Bishop 
area. The cells In the most superficial collicular areas respond bc;st to m.ov- 
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i:*.' ^ '.^ .1:1! i i( \ an Jit* 1 f-ct i v re>sponHivt* to stimuli 

• . !• ' * '^x \,^v.s viraio wc ! -o^ t" * •.e.i ri-v o;^t ivc> firlvi?:. Further^ 

n^.t i^^.' .':r^i!.itxd vc'l bv ih\* lvt> evt'S d»»spite the pre- 

.'Tilatvr;. *'v-*ir,r .nr^ut -Mch. of the colliLiilus. Tvo 

t"*vi tiva* !^r-:. !. irrv '\i!-:v'r v.; ^ .V.nr, Rovenquist , worV.liiR the the laboratory 

: : r . • - : 1 • .iv 'isltv of rv:\t,svl\ ania have idcntlfl^vl those 

v, -'s ir t 'it* I » ^ t x ^rtt* which are respor.^^ible for the cortical 
i^ti'-ir.ir^n t * r cul 1 Ur.lus'- ^ . Bv stimulating these celln electric- 

vi. .v . . trt Tcvvr-:' xUr^^ t N^., :hai Ks, bv :\pplvinj^ electrical st imulvition to 
v^r^^ r^Mnts *'^t' si.p* lu.: colli cuius and dett^rmining those cells In the 

. T'r>. v'lir, r < -^p ^r.Ji xl , t Mesi. I iiviest Igdtorb vere able t- plot the recep- 
t;^*- r ar.'I siu.iv t .\i ^»*no: i! pliv- iclo^ical prupertlob oi these cortico- 

tf 'ta' -.t-ur^".-.: . re f^^ut^i t^^ 1' ^' in layer V and were what are commonly 

s:^I;*-d * mplfx'' The\ h i^' iiv^i- receptive fields and responded tnaxi- 

tral'-v a s!;: .^r kr-dic stirulus rovins; slowlv across their receptive field* 
Mcsr wr bir.o.ul^r, atvi wt^ve dirvrrfi^n and orientation selective • However, 
mo.: thv \lls IC'. '\T, i t' iv.l :Ad nit ^ncv Improved response summation with 
^ti:-ua;s U-.\<Lri w'^un sliis parallel co the receptive field axis were sub- 

it'jt^^si fv^r ^prt^ ts sii^'^ll. This is in contrast to the behavior of most 
v*rnvr ^--l-s 1-; c.u sir. ate ^.orJ:ex. Also> most of these units responded very 
Weil t»* -^nial; mvn-ing spot-, as stiir^uli. The data from these experiments are 
v^^n^i.^^^enc witn those obtained * rem ablation studies in that the properties 
cf the :ort I t e ' ta! ^ivllr; id«*n:tfied are precisely those which are lost in the 
0 l.;.ui.:'4 fo!!^wi'v: remt>v U cottical area 17» Apparently direction selec- 
tlvltv I'/^c t!t r\*cttvrnes'> of the ipsUateral eye in driving collicular units 
are .ic^vnicnt on binocular, direction-selective inputs from the striate cortex* 

A stu:y oi the dove- 1 ->pTi;ent of visual information processing capabilities 
m '.r.e .^apcri r 0. liiculu^ of the neonatal kitten during maturation has been 
c-^-.vi^ted Drs. Harrv St-^in, ^Imer Labos, and Lawrence Kruger of the Univer-* 
s;:v r: it. rr.ia, !/^s A-.K:el es*"- . These Investigators found that information 
pro't'ss-.-.v: !n th^ *^upcr::>r colllculus advances with age, and a distinct matura- 
riijnal secuence can he demonstrated for some neuronal response characteristics* 
Sirsile neur>>ns :hc ^,uper'.or colllculus were studied from late fetal stages 

"o i Weeks agi . Durinj^ the first few days of life, few active neurons 
were found, and these which were encountered had significantly lower rates of 
spontaneous activitv than those found In the adult* Prior to seven days of 
a |K "O , %* 1 s a wi 1 stiT.ijl: ^ved innifectlve although somatic and acoustic stimuli 
wert^ capable o: exciting some neurons in the deeper laminae. Between 7 and 9 
davs or a^e, visual Iv responsive neurons were monocular ly activated by the 
c«^nt raiateral eye and >^t!st excited by stationary visual stimuli* Those neurons 
rfspon^ive to moving >t-imuli at this developmental stage were most effectively 
excit<.d by slowly moving *^argets. Neurons responsive to movement only were 
absent. From 10 to 13 days until 7 to 8 vreeks of age, the proportion of neu- 
rons binocularlv a«^tivatr*d, seleutlvelv responsive to the various parameters 
of movement and responsive to movement but unresponsive to stationary light, 
all increased progressively. Statlc^narv light became a relatively less effec- 
tive >:>tlmulus t\an mov*:nent in neurons responsive to both stimuli, and a ten- 
denw*y for neuronal fatigue wiii; repetitive stimulation decreased. Although 
eac'r property did not httrone appatent simultaneously, in each neuron, matura-* 
tlonil changes in neuronal c;poci al izatlon paralleled the sequence of events in 
the devel.^prcnt or visual guided behavior and may reflect the maturation of 



the corticotectal pathway in the kitten. 



The difference between the responsiveness of superior colliculus neurons 
to stationary light in the inanature and adult cat is striking and has prompted 
a detailed examination of '^static" properties in young kittens in order to 
quantify the stimulus parameters affecting response latency during critical 
stages of development. Drs. Stein, Labos, and Kruger23 have now shown that the 
minimum as well as the range of latencies of on- and off-responses to large 
stationary stimuli gradually diminishes in the period from 1 to 8 weeks. By 
the end of this period^ the latency values are comparable to those of mature 
animals* In these studies the off ^latency displayed a wide range of change 
related to manipulation of stimulus variables and could be eliminated inde- 
pendent of the on-response by reducing stimulus Intensity and duration. The 
investigators found that the minimum stimulus duration and intensity required 
to elicit a response gradually diminished during the developmental period* 

In studies conducted at Harvard University^ D. Van Essen and J. Kelly, 
working in the laboratories of Drs. David Hubel and Torsten Wiesel have pro- 
vided evidence that the shapes of cells in the visual cortex of cats may 
correlate with their response properties to various types of visual stimuli^^^ 
The experimental procedure involved extracellular recording with microelectrodes 
from a number of cortical cells. Each time a cell was reached, its receptive 
field was mapped by a procedure involving the recording of its responses to 
spots and slits of light projected onto a screen within view of the experimental 
animal • After the receptive field characteristics had been determined, the 
micrcelectrode was advanced slightly to penetrate the cellt The impaled cell 
was then stained with Procion yellow injected through the hollow electrode. 
After sacrificing the animal and sectioning its brain, the investigators were 
able to identify the stained cells and determine their shar^* Although the 
technical complexity of the experiment limited the number of cells mapped and 
stained, the results of the experiment suggest that, in the Hubel and Wiesel 
terminology, '^simple" cells are probably stellate in shape and "complex" cells 
are likely to be pyramidal. "Hypercomplex" cells were identified in only two 
cases, and one was stellate and the other pyramidal. These studies, which 
provide a correlation between a functional property and the appearance of a 
cell, are likely to prove of fundamental importance for future studies in many 
parts of the nervous system. 

Because of their relative simplicity and the accessibility of their neural 
elements, the visual systems of several Crustacea have been extensively studied 
as njodels for various elements of visual information processing in mammals and. 
man. In studies conducted in the laboratory of Dr. C.A.G* Wiersma at the 
California Institute of Technology, Drs. Hugo Arechiga and Keiji Yanaglsawa 
have investigated the response to light of the visual interneuruus of the cray- 
flsh^^. These investigators have found that illumination of areas of they eye 
outside of the receptive field of a given interneuron results in an inhibition 
of the light-stimulated response of the interneuron. Regardless of the distance 
between the inhibitory light and the receptive field, no decrement of inhibit 
tion was found* Neither was there a tendency for inhibition to decrease with 
time. The threshold for eliciting inhibition from a given area upon another 
was much higher than the threshold for excitation of the impacted area. Dark 
adaptation of the eye caused a widening of receptive fields with a correspond- 
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ing r<.^cucttxn .-^r rnc Inhibitory ar^ja. This effect of dark adaptation on lateral 
ir.hiblii^n Is r^r.arVab!v slr.ilar to that described some years ago by Horace 
Bar lev and coworkers fcr the cat. In the crayfish^ every field bvit the receptive 
one acts an *V^ff*' Inhibitory surround* Therefore, the change in responsive- 
ness found Vv Arechiga and Yanagisava can be attributed primarily to an expansion 
ct tht* excitat.^rv field rather than to a reduction in the inhibitory strength 
of the surround* This change in field organisation might be neural in nature, 
as pobtulateu bv Barlow for th.e cat, or more likely, the results of a peripheral 
mechani-as^, such a^; pi^*tnt tnigraticn in the photoreceptive units. 

Because thti ier«^und squirrel has an all cone retina, it is the experimental 
anitr.al of choice when one wishes to study vision without the confusing influ- 
ence of the achromatic rods* Dr. Charles Michael of Yale University School of 
Medicine has studied the response properties and receptive fields of opponent- 
colter and opponent-contrast cells in the lateral geniculate nucleus of the 
ground squirrel*-^. The majority of the color--sensitive neurons found had the 
cotrsrton conctanzcic center-^surround receptive fields consisting of one blue-^green 
opponent-color system in the center and the opposite type in the periphery. 
That is^ a given cell might respond when the center of its receptive field was 
>^t iT::ulated bv a green light but be inhibited when the same photoreceptors were 
St insulated with blue light; stimulation of cells in the surround elicited an 
exactly opposite spectral response* Because of their double opponent fields, 
these geniculate cells were optimally influenced by the simultaneous presenta-- 
tion of two different colors: one covering the field center, the other illumi- 
nating the surround* Dr* Michael also found opponent-contrast iijurons with 
receptive fields of the same centers-concentric surround arrangement • These 
cells had verv strong antagonistic surrounds and consequently were insensitive 
to diffuse light* The opponent-color and opponents-contrast cells seem to be 
segregated into clusters in the geniculate. This investigation has speculated 
that the double opponent-color cells probably receive excitatory inputs from 
two sets of optic tract fibers with simple circular fields and with opposite 
types of blue-green, opponent-color properties. A single afferent fiber has 
a receptive field which coincides with the cell's field center. The fields of 
a second set of fibers are distributed in an annular fashion around the cell's 
center » chev collectively form the surround of the cell's receptive fields An 
additional two groups of optic tract fibers with the opposite types of opponent- 
color organisation and with the appropriate field positions in the center or the 
surround mav make inhibitory synapses on the geniculate cell. The opponent- 
contrast cells probably receive inputs from two sets of optic tract fibers with 
center-surround receptive fields. A single excitatory afferent has a receptive 
field center which coincides with the cell's field center. The surround fibers 
encircle the cell's field center and collectively form the surround. They are 
inhibitory and probably make presynaptic contacts on the terminal of the central 
fiber. These studies have further shown that two general types of fibers 
efferent from the retina are sharply segregated. The dlrectionally selective 
axons travel only to the superior colliculus while the contrast-sensitive and 
opponent-'color sensitive units go only to the lateral geniculate nucleus. 
These studies have enlarged our understanding of the mechanism of chromatic 
stimulus integration in the visual nervous system. Dr. Michael has provided 
a mcoel ^'wiring diagram" which may represent the general pattern in other 
species with color vision, including man. 
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Berkeley » to^^tht-i with Dr. Max >:ir^cct : . \ .t. t^* i-- t:.-. -t 

cuuiparittM t'^t:it results with t^..K, v ; ■ — ^ • - - - 

p^ychophvHival txv«^'r hr.ents. TKi rati ^il^ -.r * v i.:.. . s ^ 

exper intent a 1 animal wiiJi visua' - : -.^ ' ' : ^..z::, 

on which ^Kn t r^^phv^lclej^ic.^i stwCits : . . : . * . ^i^^r-- 

Tnonkev ?^ub^ects wa^J it-steJ with vrr.a." *. - . - , ^ - - ^ ^ ^ 

qualities* Th%* huruir. ind maciqu* ^ - >■ ^ - . ^ - 

in l\>ini an i quite similar in a!vs^l\*r ..v-;-. *: : - , 

Hull, tt**4te<i iho spectral sensiti if ^ ju- a* ^ -i,.-:^-, r . :.r 

scotopic and ph?^ropir oon-diti^^nv, Tv>u.t^ i ^^t.^ir 

between Lhv speciesi. The relalivc > : t . c f;r i ^c z*^^ irtccs 

thii specirMm wert^ virtuallv ident u m1 , :i^v.' th«?. ^rrclvti ' r-^.^:: . 

remarkably close. These re.^ults •»U)t^ies* :\wt ^^t^ t:,i r-t s • r: : - :: 

the phoLorov epi Ive pigtrients in t^.i two >p^-rir^ c 

receptor re^^ponses are ccnbined neurailv are cu;;ti j-wTr-lir ?r^. 
DeVaicis and Richard Marrocco-"^ h.iw re;.rr.^cd t rr^pcr i tr :: : : :flls 

lateral ]^;eaxcul ate nucleus of tht' macaque cion*.ev. F^r c^-'t. i^^^^ r^^cor.jses 

to stimuli varying in vavelength and purltv (sptciri. r^T.:^".:-:* r-r:^*--t*d. 
The type v^t r-sponHc or anv given eel) vas cert.rr.r,vi :t-r.^^.- 
length. "^orxiri reMs were stir^ulated hv llut- anc irr.-:,::t : 

others i^ave the reverse response- Still others : i r ref t-r.t * r t r^t i"^"*- :rr:.:ner.t 
system* The re:;punse n^agnitude of anv given cell* vr.e::.tr ^x:;*2b-i:'i :r inhibi- 
tion, was determined by the purity cf the stiiuu-us. T^t rrsp:^v=5 -f cells, 
taken tog^Ctu^r , are entirely consistent witu th^ spt:ctri.l s^i^^'^zi * ..ziz^ :cza:i-!i4ic 
for thiii sa:re nonkey species in the pj^vchcrny<r: cc. cxt'tr.^*i*r : s « vcrk 
contributes to uur understanding cf the rcle rf t^tse l^t^r^^ zt"*. :all5 
in monkey, .md perhaps hupian, p^^rceptl^n ^: " ^-^r 

Dr, Gunter Von Noorden of the Bavlor Crlle^^ :f ^^kciz.r-is v^^ i^incna traced"' 
that unilateral lid closure of visually inuLaturc rrtf^.? ncr.^^'i i.rrc- 
verstble amblyopia in all animals so treated betveer. tzzi* £.t : z^z^ •^^k^ 
age. If the treatment is delayed until twelve weeks :i ziz anclTccia 

appears. During the age of suscept ibil itv^ Dr* Vr^:. \orr:t^ f:'-rii f**:: ?ericds 
of occlusion as* brief as 2'^^ weeks were effective :r i^-^strx ft^izzt ^zlj'zz^Lj. 
Amblyopia also appeared in those monkeys which were xr^ait: ^zr^i.^.zz i^rl:ag che 
first week of iife. Correlation of these cats, vith tt^c^s^tr :'tz.^.zz^z fr:TO human 
patients indicates that the human v^isual sysren. zeTL^ir.s strz.^zzzrt zz -^liaccra.! 
lid closure (induced for therapeutic purposes; for ^ ^z-rj:tz r^eri^cc zzs^i* tiac 
the monkey's. These results with the monkev are rsrt i rul^iirlx z^TTrz^z^t-r^ because 
of the similarity of the visual system in this arr^n^hZ t: z^.tz zz In zziz^r 

studles^i, this invt^st igator has examined the b:i»tcl:£:c i.^^xts tne ^i^sua.! 
nervous svstem rtisulting from unilateral lid Kutur.ri .r ^rrifiti*^! %zr^ism\xs ^ 
again in the immature rhesus monkev. Sections frcnt t*-v rit:.-.^, l^zezj^l xen^cu-- 
late nuclei, and areas 17 and 18 of the visual err t ex :r:m "mrt^i.-r^s ^^zz'ri z^t^rTzzz^ 
ally dt^monstrated amblyopia were compared vith siirrxlar zzs^^^% zrzm tt^cmtal 
monkeys« The only histologic change cbserv^ed :n ine oepr-iec ircnat-eys v:5s a 
significant reduction of cell section ari-s in all lo^erf t^e l<ctera^l ^j^rtlcu-- 
late nucleus that received input from the deprives ::r ct^zhzz Vx^&s^ 
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'TS.T : r * : : - 1 , £::n*t ^ r.: ^ ^ : ^ ^a^: 

;^ ^r. "* : " iiult ^rt*^ at f.ret w^*r*:t,i EitiT * ,.r^:i . "Thirw 

has vr- ; - ::>-rc t ' -^i^i'-T^.t ^ r r^rt : : r.t : r at^i - * i""':-:: i^r'f ise 

a;:;; r. .1. i,^- :r^:.^r. , Ir. . rrrr* ?-i^5t7r ht;:: • ^ itJ^i^^c: ■r:tis 

t3.^-^ . r ex^--.r-£ , ; ri.t i .r. :mc ira::r ainr^i*: Xt^orvJ^ed 

a:"*^r • rtcx . , :-,r-^ *i5 -rxt*-' s : ' ir te^, cs^^as-t at;: --.^i i:;:.:ct^':-:r .t ic 

<; ; : : : r : - . 5; . ; r : i : f 1 1'-*3 1 - t ^ zrtt tiz^sz v^-jm^ziixi r^.ii:": : r ^t^a 

tr.^t there ^rr r,ev s^.^rti : c^'^t^it? frrsa^fC t^^rt'^^s^er sirm^'^tif esv::n^5 in tne 
dtrPtrr-trrar :r g Icttrfil £er::^I^t^ '"--.:lt:«^, as c t:>t:B*^pueTit.r»: :f t.:e :f ic^t:-* 

♦aeirtrancs :zr ?%*T_dtttc ci^tir^it ir. f^rr z-tizz^.i^rtrz -£t,er^ |:^^::L_cn-:: luc^j^. 
Ir :thrr »ruc:e>. Its- 7r.:^". ^let^er^: ^ti: r^eeT-'^ r.HVc fr*j^ii tiitit zmn^ZiS 

nr cv ; - en v r= ^ : ru-^-c : : — ^ 1 r rut i ir rr:- _etet sitrt — — i:t^ brmr* ^ 
ur. rr -sse:? ret 1 r.: t -^^al ^:r^ '.a: ^trrc^at tr.r ..us::-:''-:! itrt IstetsLl t.s:J.: :t t:te 

Whe*-. tr.£. :i^ur:r.s the ^rec zz 3^ ;rLrrr.;r.^, ^rrHi^^Lt w^t^rt :^x^i.ut Lzx: iC^,;l,..tc;i^tr 

b"*' 1 : £r- t rT elS'C'ttt **T:tC<i tt th* j^Z ' Z T^fe'T^'t: , '^r^ : XTTiZ'^ - T^T'^- . Ir^l ls tuUlil 

be i r e. A- 1 t t rt&^-^T. re^r?^.^ w^^rt t: r*t: -i-t^jCiit ♦\t,i::..t tne 
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zJt-^TZz^^ '^z *T-e «-_i!:»rT '^"^S-**^ .^cT^es r^^ "^ —t-^^ "^s^c^jt*^ 

i,WL&z ^ air, . * ^ 

r.T. l^r.T.iri^^.s. ^i:: Jerrr.^ftrr ^.-utic r^v*; :rr;r»r: T^-igr ^rir^ r^ssr^.-^^ irz 



e^t^:^^* tr-'t T ,. ?rrwr > ^^^r- ler.ira,. tre-^-^-our s^^'-H^er :*ir- ^ _-«nir^ sSt'^^^c^ zz 

sutler irrr^vtr patterns is ^rrcrar^- zr^rrrrr-^^ 

zz^e ar^^t after eve raattr:^ . Tr.-.f s^eas^ -i- 

zrvez zz r :.£isvr:srt sites- vatat*;t ii*:j^stierat^r^ 

tr.es* st-i;^ries E-L&r 2rgx*r rr^t trrt - - ^- . . — y^-"g -ati^rt ^e5?n^^^ic: 
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: r:^t't — ..w^u^ £;.r. , - :z^.^ ""v-^ -:-r'^ir'**:^^ r^s^^cn^t^^s x^c^^tied 

^u: wvrt Tn.^r: •: :.-«a* .^.-^ ^ ^sx:^. jcT . :r T=L::ccii^^r talis in c:^e5e 

r-iT. r.^ " " •-'v-it:^*^. . .iri:^>rr^. ^ '^^.ij'^^c^ Ir: zr^&: fir^z cl-iss v^re 

r%ar.5^t- :r zu* r*fHv-zib^* -^-^^^ - zsr.jr-rz znzh menace and pre- 

w^.- n^r^.tc^^ : a." - . :*:i*r: ^.c—:...ir ic^r^r.^. "Is'^ns the-^e. results 

v:sua..v -^^-tTjv^c £r:aai*>r i^^^i^r- jt-^.- kr^>^ iirtn tac ^ncierscrte li^ closure 

ariTTi:. va? i^rt-r: — .:. „_jLiL- zr^& zet'•lTzzr.y^1.r,lz^tz^l 

Ct'i:r^^ r>t't.av*-.'*c .^i .r: ' i r^T"" zczT j tc u i ir: 

wa? t Ttt r Tf ?»^*T: i . - -^-^ *■ ^ ^-is 5 t 1^*^.1 JiC^c ^Irscsc 

: td..'^ '-^ ir,* :;-^TX.*-. — - " >r'- : ^ze^" Tn.iC 'li^:^l iecriV3;t i-i"^ 

' w."r.a: t*vf * t vm :.aui>*f: T-i:.*rT^.--^:'i. ..^ *r^.r,iz.^'rz .^r^ :r tr.e ';arer viSsial 

" er.i-r , 




a variAt ion ^ f \ht: tatii. . f * ^r^*^* *r : : - - «:r . : . r ^ ; . i . ; a r* tr 
r^*'t' * fiickvr f r *u: . : : . - * . : - ..r ; r vi^'i-.: - 

.-♦♦•^ H/, r^^K ird -"t'ss - -itru^*. ^-V : * . * . - ^ / ^ ^ - 

trcr^^-isei , At i.^wer f recur*" . i ^*r?^: ^i:*r^r-: : r-^l^-:*-*^ >.>^t r#-*'^r ; i:; 
2:a;nt-i nlng v^^»1^ilitv; h•^we^vr» ^ t — r r^- ^- ^ ti:^^ crf^^v*- 

4t*:t?r:n!ninR th^* level of vi<^^ro:itv * '"^j:£-: : . t n r.frrr. n » 

that drif? ; o: r^t: ;iniai^v i**rr— ^ . - ♦.-.^ ir> 'r- '-.i:,"': vi in vr><r^hv: 

the t jrv^^t c^r'Lau. u«Iv vi*;:^;.. ^ • -:>^\c^ Jr, \ a^si 1 i < v - ♦ 

. Klvs^v s^.^vn that p'. : pi: .-.^l :i :l r:j^;Jirr! ^y r:».:vu- 

*"^*^nt .f t^^t> evp, that bv t^- r.. . : t^r .^iai-r :r * ' re^ln-i. W^.on the 

lT.i>.!^* t Tvt' :^ move acr^s^^ r*:.\-., i:^ ^.:zr./i\ v.-v:-i cc*:Jiit-rns, an 
In^^reaa^ntal fla-^h upon % cvr rerrr": '^rr r: v^ts it lov>-i;^ of lutri- 

uanct? wnirh depended un tht f t^^e rc •r.a 1 1 lur I'^aC'^'-i th*^- Hickcrcund. 

This in the weli renown dcsen.s:t / : . r.-^^t .s: t:.r^r! ^ff:>^t» d^rscribcd by 
V***;the!r!er • Stabilization -r.i^c : t'.e •.^s-.s'^ ^nd t*^.^ backvT' iun;,^ or th.2 

r« t inu grt*atly reduced the dcp'^ -.^i nc^. :^ stt-.^. t Ivl t> u?cn i It ';n.adte'i area* 
Dr, Kee-^i^v has speculated that rer.ra: i atlv: tv is ^edi^zei by both tho 
"^liiitainvd*' and ''transient" :j^btr::is ir. -^crztl v.^ii^r. arid priniirilv by the 
**su.st iiaed'* svi^tesi vh* n tr <j ^ir.a^e«v i^ji: * t rt L I tn th-a retina* 

Wlu*:. different : napes are ::reser.ted t: :'*e rv r^t^nas ^-f hur.an riubl*^,.* t s , 
thv vlSiia! svster strives tc pr^'ducc t^r:e;vei ixage* Tr is fusicnal 

response is believed to be tnade cf tvc c:st:r.tt tcno^^.ents: vU central 
tn^?tona: res^pxmse vhose iragnitude is minted tt t*:e extent of the so-called 
PanuniVs fusional Bvvas and (2^ a in:t:r respT.se i^: fte fcrx cf ccnipiiinsatorv eye 
novenr-nr55» Dr. AncTiV v:crti;i^::' ?: 'v: rt\v^: etc^r*^ V-ftrslty has re;;orted that 
^retinal ^r;age^ which differ ry a rct^tit'.al ar^e fused by a nurely 

ct^ntral nechanlsrt with^^^ut anv ev;dtrr.ce :5 : •at^r.tia.t : rv eye :aoveir,ents^'^ * Thus, 
cvolr*f us i<^nal st itr.ulat lor. appears tc cffer - --^lua^le approa:h to the studv 
'^f the central '^rr.t rntnrs o: the fi.s:*'^'^! r*^tt :^.^^, t"*» --.-n^-ic aspects of 
Par.uisVs fusicnal areas* ccr.tral ret^pcr/-:*; irvclves detection cr assessment 

of c'^*^ disparitv a":d the proi.'.-^.^'4rR c"' t^e ^:it2.r:ty ir the interest t^f hi-- 
n^^vulnr vision. Dr. Kertes2 na^ vcncutted «^v^';il expct indents designed to 
explore the processing r: disparat^:^ ret.^.?*.! tr.5?e5 bv cne c*^ntral fusional 
m^chnniiiTr, In one ^:tudv- ^ he ha? ^evelctnc dct^ w-^-.h si-^i^est that the prime 
stratei^v of the central t.echanistr. ;s t: tr.n;* t'^-^ lar;?est c-ossibl-^ portion of 
the two retinal images into c : rrefepc^ncente, C:v^r cni5> portion, thf visual 
«^.vster .^.pp<*3rs tc discard the rest of in sr.SL.lu-s patterr* as noise which is 
not a valid tart cf the stimulus. VTner: me :j-£:t-. .1 t:echanisr* is cperatinvJ, 
th*s n. ; -.v' is not perceived by the sub^ctt. Ir- ?'erte«z sussests that twc 
.entral *--r'chanlsrus could ^e postulated it ex::lalr. t'-e visual systent'« approach 

as^cbsin)^ the retinal iir.a^ie disparity: a trei'^iris^ thit is tuned to orien-* 
tatior.;! d:i-par:t:e?^ ^ -^r on^* that scr**trs :t d^t^^t p:'^:t..nal disparities.. 
Ht has -.ov produc*»d dat ^^-- to ^^upp-^rt : : r t^rt * - - t'-"3t it is the disparitv 

r-^rii. v»! bv the stiir;\>i^ each p5rir reti'^1 tints In the two eves) to 
whi:n t^-e fusir^-a! tr.t'bai.I^r pT:ir.&r:Iv re^^t-ris. "^-.-^ 'cn^^le of displacenicnt 
between the twc imai^e- dce^ not appear tc :e ^ i^p-oriant a stir.ulus to too 
visu-i! ^:vste*r* These results cjrrelati v:t*: t^"5i - f ttncr inve-^tigatcrs vhr^ 
nav- ^^r, nitrated ^ in - ular' v-.?river cri:c=.l ,t^:aT:.t^' ietecors In tnp vl?^ual 
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tSvoh^^phvm » al srudiof: on tho mechanisn of stereopsln conducted bv Drs* 
Wjutman HirhirJs and DaviiJ Regan at the Massachunet Intititute of Technology 
ha^-»* raised thv pos*;:Hjiitv thot two separare mechanisms function for the pro- 
ceH'^lni> '^t binocular ^"^ues for dopth^^. The experimental subjt^cts were asked 
to rixato on a Riwr* point in space and were presented with stiinuii conaisting 
of parallv 1 h.us. The viewing system was arranged so that each eye could view 
onlv v>ne of u pair of barn, and the two eyes were required either to converge 
^ X divurg** m orJcr to producv a single perceived itnage. The MIT group has 

luui a nun:!)er of subjects who are capable of processing one type of stimulus^ 
r . r vxampK converjient disparities, but not the other* When the ability to 
process both convergent and divergent disparities is present in the individual ^ 
the existt-nce of two h»?parate mechanisms can still be demonstrated by plotting 
fl«.*ld traps fnr stereupsis for each type of disparity. Extensive measurements 
on one observer have shown that the zone of the visual field over which con- 
vergent disparities are processed may differ quite distinctly from the zone 
ovrr which divergent disparities can be integrated. Furthermore, Dtt Richards 
has fovmd that for those individuals who possess one or the other of the stereo- 
processin^T nechanisns, a contrast reversal of the stimuli and backgrounds may 
lead CO a reversal in apparent processing mechanisms^^* Thus, those who are 
ablt; to process convergent disparities presented as light bars on a dark back- 
ground, wiien presented with dark bars on a light background, may lose the former 
ii.abiliiv to process divergent stimuli but now lack the ability to process con- 
ctMivergent stimuli. Dr. Richards has suggested that such reversals in depth 
with contrast ma^ ho the result of interactions between the center and surround 
componenis of the disparity mechanism. 

Dr* Patricia Ondercin^ with Drs. Nathen Perry, Jr. and Donald Chllders of 
tht? University of Florida have studied the phenomenon of ocular dominance^S, 
They have found that dominance appears to be a continuous function which is 
normally distributed in the general population. By placing lenses of various 
dicptic powers in front of one or the other eye of the test subjects, the 
investigators were able to establish, enhance, or decrease ocular dominance by 
modifyinj;^ the image clarity in one eye. These results indicate that dominance, 
as nvasured by dichoptic stimulation, is not a static characteristic even in 
adults. In these experiments dominance was shifted to the nondominant eye even 
in subjects showing strong ocular dominance under normal viewing conditions* 

In a joir^t experiment conducted by Drs. Joseph Sturr and Davida Teller at 
Syracuse University and the University of Washington, respectively, the inter- 
action of the two eyes was evaluated when a test stimulus was presented to one 
and an inhibUory stimulus to the other^^. These studies were conceived as a 
further test of the physiological site of the Westheimer effect. Dr. Westheiwer 
has shewn that the threshold of perception for a small test spot located in the 
center of an illuminated disc varies with the diameter of that disc. The 
threshold for the test spot rises with increasing disc diameters, reaches a 
maximum for an intermediate disc diameter, and then falls again. This desensl-- 
tiration effect has been attributed to the existence of an antagonistic surround 
in the receptive fields of neural units within the retina. Concentric receptive 
fields are known to occur in various vertebrate species at the bipolar, ganglion, 
and lateral geniculate levels as well. The studies of Sturr and Teller were 
desij^ned to /r<pose the possible interactions of stimuli to the eyes of the 
higher centers of the visual nervous system. In their studies, the test flash 
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presented to one eye and the sensitizing disc or annulus was presented to 
thi? otht^r. With steady presentation levelsi dichoptlc interactions were found 
to be small or nonexistent* However > under transient conditions^ dichoptic 
and monoptlc effects were remarkably alike. These results are consistent with 
the conclusion that steady state disc annulus interactions and transient disc 
annulus interactions probably occur at more peripheral and more central locations 
in the visual nervous system^ respectively • 

Fr;*ik Bagra«h, a student of Dr» James Thomas of the University of 
California^ Los Angeles, has conducted a series of experiments which suggest 
that the human visual system contains tunable channels which can affect the 
transformation of the photic stimulus into a perceived Image^^^ The experi- 
mental procedure involved measurement of threshold intensity for light discs 
of varying diameters. When the subject briefly observed an adapting disc of 
given diameter at suprathreshold level, his subsequent threshold of perception 
for a test stimulus was markedly increased when the test stimulus was of the 
same sl^e as the adapting stimulus* However^ when the test stimulus differed 
markedly in size from the adapting stimulus > no significant difference In 
threshold intensity was observed between control and adapted trials* In other 
experiments, annuli were substituted for the adapting disc. The data of these 
experiments suggest that adapting area is not the sole determlnent of the 
observed effect. The spatial distribution of the adapting area and Its Inter- 
action with intensity both appear to play a role* Dr* Bagrash argues that the 
effect of size tuning en threshold intensity can best be accounted for by some 
multiple, as opposed to single, channel tuning mechanism interpretation* These 
investigators, together with those in several other laboratories around the 
world, are exploring the implications of psychophysical studies which suggest 
that the visual nervous system "tunes In" those portions of a stimulus which 
are of interest and "tunes out** much of the additional visual Information 
presented simultaneously* 
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ANNUAL REPORT 
NATIONAL EYE INSTITUTE 
July 1, 1973 - Junt 30. 1974 

REPORT OP THE DIRECTOR OP INTRAMURAL RESEARCH 
Carl Kupfer. M.D. 



Although the National Eye Institute's Intramural Program will always 
condCltute only a modest portion of the nation's total vision research effort, 
its continued development is crucial, not only for direct research activ- 
ities, but for the evolution of NEI's total program. The expertise centered 
in the Clinical Branch and Laboratory of Vision Research, as well as the 
Office of Biometry and Epidemiology, serve as an invaluable resource for all 
Institute programs, providing guidance to extramural program management, 
program planning and analysis, and the Office of the Director. In general, 
the scientific direction of the Institute is greatly dependent upon this 
highly-regarded corps of professionals, many of whom are Internationally 
known for their research contributions. 

In a time of decreased Federal emphasis on research training, the 
intramural research facilities of Che NEI can also serve the young investi- 
gator who desires experience In a stimulating Intellectual atmosphere, as 
well as the senior vision research scientist who wishes to take advantage of 
the unique resources and opportunities for collaboration at the National 
Institutes of Health. 

The Eye Institute has the only eye clinic In the United States where 
beds are allocated solely for the purpose of vision research and where there 
is such close and consistent collaboration between clinical and laboratory 
scientists. Its progress during the short time of Dr. BaJXintine's adminis- 
tration has been noteworthy; yet, its needs remain critical. Because of 
limited staff there are no studies underway In two of the Institute's five 
major programs: Cataract and Corneal Diseasas. Other programs are only 
minimally represented. In the coming year, major emphasis will continue to 
be placed on strengthening this vital program to further Its development as 
a national resource and model for clinical vision research. 
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ANNUM. REPORT 
CLINICAL BRANCH 
July 1, 1973 - June 30, 1974 



REPORT OF THE CLraiCAI. DIRECTOR 
Elmer J* Balllntinei M.D, 



The Clinical Branch has continued to develop its program of studying 
ocular diseaj^e in patients by laboratory methods • Patients are admitted to 
the Clinical Branch only if they are appropriate for enrollment under one of 
the research plans. Tliese research plans must meet the same standards of 
scientific validity that are imposed on non-human experiments andt at the 
s^:^ time* must be ethically acceptable and incorporate appropriate safeguards 
for the patient's rights and welfare^ 

During the year a six member Protocol Review Committee > three of whose 
members were not physician?^ and three not part of the staff of the Clinical 
Branch, began a detailed reivew of all research protocols in the Clinical 
Branch for scientific merit and ethical acceptability. Each Investigator has 
revised his research plans to meet the requirements of the Committee. It is 
expected that additional review by Clinical Center agencies will be required 
in the near future* 

The renovation of the outpatient service area was largely completed and 
ve moved from our temporary quarters* The renovation of laboratories for 
tissue culture and for the study of retinal and choroidal biochemistry was 
completed^ A completely renovated operating room, equipped for ocular micro-* 
surgery, vitreous surgery, and electroretlnography was completed. Apparatus 
for performing B--scan ultrasonography of the eye and orbit was placed in 
operacion. Equipping a laboratory for neuro-^ophthalmology was also begun. 

The staff of the Clinical Branch consists of four senior staff physicians, 
three physicians who are clinical associates, and one who is a staff associate* 
Two senior staff members are not physicians* Eight biologists and tiechnicans 
and four secretaries support the staff. The commitment of the staff to inves- 
tigate the important categories of disabling and blinding eye diseases is 
apparent in the individual research project reports* 

In addition to conducting research on its research protocols, the 
Clinical Braiach in collaboration with the Experimental Pathology Section of 
the National Eye Institute Laboratory of Vision Research, examines hlstopatho-- 
logically approximately 100 eyes per year, most of which come from the 
autopsy service of the Clinical Center* Consultations were furnished foi 850 
patients being cared for by other Institutes in the Clinical Center* There 
were 2,550 outpatient visits during the year, 150 adwissions to the inpatient 
division, and 75 operations were performed. 

r^e Clinical Branch conducts several investigations in the field of 
glaucoma* One of these is the prolonged observation of a series of patients 
with ocular hypertension* These observations are expected to help determine 
which signs have value in predicting which patients will eventually require 
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tr«ata«nt, and to determine If early treatment of ocular hypertension has any 
value In preventing visual field loss. 

The study protocol has been completed and registration of patients is 
continuing. Closely related to this project is the continuing study of the 
factorjj affecting intraocular pressure and their alteration by pharmacologic 
agents in young and old normal subjects and patients with ocular hypertension 
and glaucoma. A study of the medianisms responsible for the patterns of 
intraocular pressure variation allows a clear understanding of the actions 
and suitability of pharmacologic agents used to treat glaucoma. 

The aim of a related study which is on the enucleated > arterially per* 
fui^ed cat eye Is to determine the pharmacodynamics of agents able to alter 
intraocular pressure and to further the understanding of mechanisms which 
maintain the intraocular pressure # A schema to explain some mechanisms by 
which aqueous humor is formed has been developed and the mechanisms of drug 
inhibition of aqueous humor formation has been clarified- 

Claucoroa- related studies are underway to determine the rates at which 
sodium and chloride ions enter the aqueous humor and the effect of unilateral 
common carotid artery ligation upon the flow of blood to the ciliary body and 
upon the formation of aqueous. Findings have shown that there Is a reduction 
of ciliary body plasma flow which Is associated with decreased aqueous humor 
formation. This is consistent with the view that aqueous humor Is produced 
by ultrafiltration. The relationship between blood flow In the ciliary body 
and aqueous humor formation had not previously been demonstrated In vivo. 
The definition of this relationship allows a better understanding of the 
mechanism of aqueous humor production and may be Important In the management 
of glaucoma patients. 

NTI scientists have developed an animal model suitable for studying the 
effects of chronic elevation of Intra-ocular pressure. The researchers 
induced an experimental glaucoma in the eyes of normal rhesus monkeys by 
repeated circumferential photocoagulation of the recess of the anterior 
chamber angle. This technique produces a reduction In the coefficient of 
outflow and a chronically sustained moderate elevation of Intraocular pressure 
similar to that seen in human chronic open angle glaucoma. Cupping of the 
optic nerve head, bowing of the lamina crlbrosa and loss of retinal ganglion 
cells in the perifoveal region similar to the changes seen In human simple 
glaucoma accompany the elevation of Intraocular pressure. This model will 
provide a tool for studying why and how glaucoma causes visual loss. It will 
allow investigations that cannot be performed in man but are necessary If we 
are to understand the effects of glaucoma In patients and It will permit 
comparisons of retinal optic nerve function In the glaucoma eyes to those In 
the control eyes. The effects of chronic elevation of Intraocular pressure 
upon the rate of formation of aqueous humor will be investigated. 

Other investigators have shown that bias tic transformation of a patient *8 
lymphocytes induced by phytohemagglutlnln can be Inhibited by gluco-cortlcolds. 
The sensitivity of this inhibition may be related to whether the patient has 
glaucoma or not. This effect Is being systematically Investigated In fami- 
lies of normal subjects and in glaucoma patients and their families. 




Eye Institute scientists are looking for methods to demonstrate and 
assay a poiiBible vaboproliferative factor In the vitreous humor of patients 
with such vasoproiiferative diseases as diabetes mellitus, sickle cell 
diseastv^ Eales' diseuiie> and central retinal vein occlusion* 

SEl scientists are also carrying out a trial of argon laser photocoagu- 
lation for patients with several diseases of the retinal and choroidal 
vasculature and of the macula. All patients undergo an exhaustive evaluation 
before treatuvent and during the follow-up period. It is hoped to gain 
considerable more clinical information about treated and untreated individuals 
with these diseases. Approximately 50 patients have been treated of whom 35 
have diabetic retinopathy but were ineligible for the nationwide, NEI supported, 
Diabetic Retinopathy Collaborative Study* Two other projects are attempts to 
search for, properly clas.sify, and clinically define new techniques which will 
elucidate the cause, prevention, or treatment of selected choroidal'-retinal 
degenerative diseases (such as retinitis pigmentosa and familial macular 
degeneration), and of a broader range of genetic and familial diseases* 

NEI scientists are also attempting to characteri7,e the biochemical 
properties and functions of the visual pigment in vertebrate retinal receptor 
outer segments. Of particular interest has been the finding that rhodopsin 
in vitro is phosphorylated by the terminal phosphate group of ATP and that 
this reaction is stimulated approximately two-fold in the light. Studies are 
underway to determine if this reaction occurs in vivo, and if so, to quantify 
its extent and reversibility under various conditions of dark- and light- 
adaptation, and most importantly, to determine its role in the physiology of 
vision. 

Clinical Branch scientists are studying the usefulness of radioiodinated 
chloroquine analog for the diagnosis and detection of intraocular melanoma. 
The patients included in this study are those referred to the Institute for 
evaluation of pigmented lesions of the eye, resembling malignant melanoma 
and those patients in whom the ocular media is opaque. The value of using 
1-125 labelled chloroquine analog for the detection of intraocular melanoma 
is being studied. Based upon the patients studied to date it appears that 
the 1-125 chloroquine analog offers some aid in the differentiation of patients 
with intraocular melanoma from other patients with benign lesions or with 
metastatic disease. To date there have been no verified false positive tests, 
but the use of this test is not the final word in the differential diagnosis 
of malignant melanoma inasmuch as there have been three false negative tests 
to date. Another project has the broad objective of applying current proce- 
dures for psychophysical tests, improving their form and scope, and enhancing 
the usefulness of ophthalmic instruments for clinical work. The data 
generated by these instruments and methods for visual examination contribute 
to the other research projects within the Clinical Branch. 

The results of a study designed to determine whether the Bausch and Lomb 
"Soflens" and the American Optical "Bandage Lens" are effective in the treat- 
ment of bullous keratopathy are being prepared for publication. Finally, 
there is a study designed to evaluate the efficacy and safety of n-acetyl-1- 
cysteine, a mucolytic agent in the treatment of the signs and symptoms of 
keratoconjunctivitis sicca. This investigation will provide needed information 
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on rht* ♦ rvaiux-nt of patients witK drx ^vt cp'^.i^.t: r.f . 

; isms involved in keratot on :unv livi t i^: ^ict^, 

\Ut* Clinical Branch haj> continued to rooper»te v;t^ :t.^-.«fr 1:1^ tit;jit^ii i 
tiic ;.::r*;ult unique rcse^jich ^\^~''^rr*;'^) t i^es, ^. % "k^:^*'T cr:;r^ wa^a 

^Mn;tltMit*d in diabt?tlc retinopathy as part ot ttnt stur-^^ :f amcng t'-^ 

Piiia Indians by the Epdemlalcgy and Field Studi«;s Jbra^;-, ;r i^ififc 

iJicroangiopathy was undertaken axucng the ^rou? ^.f z^^zt^zz^ acromegal 
it the mimical Center by NIAMDD, other coop^ riiiiv^ ht^l4^^. Lz^l^^t the 
-MuJy i^t iiajnunologic aspectt-i of ocular malignani n^tr^iCinn^iii ii: cocp^&r-ACicm 
w^rh the (.cllular and Tumor Ixnmunoiogy Sectior*^ L^tcr5i^cr> Siclcgy, 
Di^i:ii.>n of Cancer Biology and J^iagr^o^is of tht- Kst.iPtiisI I.^iNr^r i:rt:*t Itute; 
.iuil :;u' oLUtiy of Sjogren's nyndiome aniong pati-eiits cri^«.Tii^LI^ exauxrt^ fay 
iht Niii»nial Institute of Dental Research- 
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or r-^ssuf cu-turnt, 

^•<:-.).:rt w:it^r-t:<5. ^r^-i-u^, — :r .r: ^c^ina lens has a 

trie >-rr^>'Ktal^ir ttiat ycmig^v -rse rtj& -s^cr: t.ne flatter "isoiecniar 

wt-:rnr. Tnzs a{>t— re^a^trt ctjuKir^ x — rr-^^rju^^n zTjt :f the first 

exasDTlesr of rfHr t**ftrct agi-r-ag ^ -asssiE rrrrr-sEiia , Thi^ -3 is>crt:^t because 

an understatMiinx: Tx*t lAStf'^t ri^=ggi..yr"- bok -sr^^i^ 3f the ler>g Is needed 

ditiom. tc culturt c ^KaB<»tr:,»„ffr,.^ igr^,.t^. '.n.. lunges rr^s :K:rsai 

anc tataractous' am — t ■n^.c^. Tn«^ trrv^^".,:^^ ^^ZT: ^nntrier ts&^is af studying 
cataractr , v^r^x::ikiis^}^ "rrt332«?r_':jLl t£:::2r3crr.r irrar ir 13 -ijcssible tc 

take «iru:lf letu er^ttnr — ^ tr-t:.^^ sEs: 5rr» r:t^c2 :^ ^tt^teliast, a thcr::ush 
stuiiv intr tut: naturt tri* Tf^ -arm ^ zsii^rsctu ^aculir Tie 3csslhle* 
rurreiitiv tniF- stua'^- Tiai ^ssrz-^ssisr -ir ria ^zcrryiprtT. ta 1 -scujse cacaract. 

I-Tirh tris r^rj^ar culx^rr* TJrxrr^sxr:::^ SET •acr.jatx-^i^ ^s^^se t:^ :iet:er^,ae the 
optisial condilitm^ *?iu.tn acll^ ^asLr3:SLxr tt^ • :i:..:jr^'Uyg; ^ .^C T 3f the lens far a 
protractec t>erx0c. Ttia^ stujas n\'::^h'r: . rp s ^ ta ertss* i^lastfijcj teils of the 

len5» itneliuxr. ir ti&i&u^ t::: ^t^orst t:^ sjfrarmsit if t:*ese; lalla aaincain 

their Gi*f «reiit:iHt:zT?^ pras»err:igg 

Tne tJurpDS^ axxotrtter xtr-ii^rr: zs ^m^r^^ t:ie ^ecrsgpiiljis o^f fcrsatton 
cataracts^ ir erx^eraiaerriK^ «3a: "i:^ ^gs^^l^^ra- cjc^ssihle neass by which 

tne cataracts car lit T>Ti*?^!«:SEtt^ jsjsi^r :::;s£i2cscc^ Z32Z ^ i^cucett in thi^e 
ar.irsals dv ma^iii: tttsc rL-^axs^t-ii jist-:tr sasrrn^rrt.^::^ rr^eEi-ral ^s^sssx^^ cr by 
tsakiBg th«i ^:alacrD5r«iU-r irr x^'^jaeasGicL ^jsscxt:^ t^ sc^Kiy these 

catararts is tr tscx^irr-- trus: ^^rrtsr- .^ma t^srrnsiJSie. r!iis ran be dct^e by 

exDo^in? tne isrl^is: t:r ^:..i^-^^r^ ^*^r3»._T ^^rrtrer ?l:;,c.tse^ ga.lacrcse» 

or xvlostr ir trtf lutuuat-i^* 



The tnajor finding of this stuciy so far ha^t beer* the continuing evi-- 
d<inc** supporting the concept that the enzysie alicse reductase is involved in 
initiating *iUj^ar cataracts. This er.zrr^i: se^^is tc th^ common mechanism by 
which the sequence of event:? leadin** t^*? :<!rvelct^,ent of dUibctic^ 
galactosemxc^ and x^'losemic cataract^^ i^^ irii; Ar. active inhibitor of 

aldose reductase (A,R. ) hab recent iv t-e^r; ^>'.c^r to ?re/c:nt cataractous 
changes in cultured lenses expo^trc tc r;:^* : :* :entr:st:ons of izalactose. 
However, improved methods ' deliver^^ f inhibitor by topical 

application must be achieved before thi^ prcctriure of controlling cataract 
formation can be considered effective. 

NEI investigators hope that this ZTPe of study on sugar cataracts 
may serve as a model by vi^ich other mechanisi^ cf cataract development can 
be uncovered^ and may also provide alternate saeans of preventing cataracts* 
Even though the initial phase of cataract devel^r^p^eint may be different in 
the other forms of cataract, it appears that the terminal stages are quite 
similar* 



The aim of a third project vithlis the Laboratory cf Vision Research 
Section on Biochenistry is the study cf facte rs wi-ich determine the normal 
development and function of the reti::ia /.^ pigxented epithelium. The 
influence of hormones on norm.al and abz:cTz^l developts^nt and the uptake and 
binding of vitamin A in the retina have beer: i:r/estigated during embryonic 
development* Biochemical analyses of enr>^e activities were performed to 
assess the effects of hormones on the retlaa after in vivo application or 
incubation with retinas in organ culture* 

Malor findings of this project have teen: that the hormone Cortisol 
afflicts normal enzyme development in the e±rycnic retina while progesterone 
appears to retard normal biochemical de%*elop^ent ; that a specific, high 
affinitv receptor that binds vitairjin A has beec found in the embryonic retina; 
that pigmented epithelium cells respond in culture to hormones such as 
thyroxine and cyclic AM? with marked charges in pigmientation> morphology, 
and enzyme activity. This work attaints to pinpoint early signals, such as 
hormones and vitamin A uptake, that are critical to normal retinal development 
and contrast them with those found in the diseased state. It is hoped that 
such studies will ultimately uncover co^spouods which can correct retinal 
development in the embryo* 

The LVR, in cooperation with the Laboratory cf Chemical Pharmacology 
of the National Heart and Lung Institute, is investigating the concentrations 
of cyclic nucleotides in retinal photorec<K?tors* These have been found to 
fall dramatically when a dark-^adaptec retina is exposed to light* These 
intracellular hormones may act as list eriaec la tes ist translating the initial 
photic stimulus on the retina Into the is^u^ral response which is transmitted 
to the brain. This project is designed to study the enzymes of cyclic 
nucleotide synthesis and degradation to deter^ne the critical point at which 
light exerts its influence. 
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Tlie --Oor rindin>^ of thiw proit^n w\-iv th.^t i^xtrt^nt^ly high concentrations 
of i^clii -Mr well* foiuui In retinal photorecoDtcr:^ • Tlie levels of both 
cv.^lic CMP ami i^volic A^IP were founu to be <1ependent on the percentage of 
liKht-bleach of the retina, Phonphodies terane , the enzyme of cyclic nucle- 
oti^le mecaholinm^ wan foun^l to be activated by lipht and thus control cyclic 
nucleotide concentrations in the photoreceptor. This is the t^nly well*- 
ilefined enaynic activltv known to be regulated bv photic energy* It is hoped 
that this ^ttidv will lead to a better nnder^^tand in?, of the biochemical basis 
of the proees^ in nornal vision and lay the >^,roundwork for an underw tandins 
of the underlying problems of retinal degeneration and blindness • 

In cooperation with the Laboratory of Pathology at the National Cancer 

Institute, the LVR is attempting to isolate specified membrane proteins on 

s^hoHts of rabbit corneal cell.s derived from tissue culture and primary cul- 
ture of cells from normal tissue • 

Herpes simplex virus (HSV-I) - induced antigens have been demonstrated 
on membranes of infected rabbit corneal cells (SXRC line) by specific immune- 
labeling. The use of the hybrid antibody method for localization of antigenic 
changes on viral'-inf ected corneal cells represents, as far as can be deter- 
mined,, the first application of this method of immunolabellng to experimental 
studies directed at control of herpes simplex keratit^uS, 



Arother project is the study of structural and functional aspects of 
the bovine rhodopsin molecule* 

It has been postulated that hydrophobic bonding between rhodopsin and 
the lipids of the rod outer segment memorane is of major importance for the 
maintenarre of the structure of the membrane and for the functional role of 
rhodopsin in that membrane. The thermodynamic values which have been 
obtained here support at least the first of these concepts, and we now have 
a clearer concept of the magnitude of the forces which are involved in 
rhodopsin- lip id interactions in the membrane. Additionally, NEI investigators 
now have the ability to predict molecular dimensions for various models of 
the structure of rhodopsin and to consider these for consistency with other 
evidence concerning the behavior of rhodopsin during the visual process. In 
furnishing information concerning the structural and functional role of 
rhodopsin in the rod outer segment, these studies are Intended to contribute 
to an understanding of the basic biochemical mechanisms which are Involved in 
both the normal and pathological aspects of scotoplc vision* 

Studies on calcium-dependent macromolecular association or dissociation 
offer the possibility of yielding Information which may be significant in 
interpreting the role of calcium in the changes which occur In the rod outer 
segment membrane following exposure to light. Another Important finding by 
NEI scientists within the Section on Biochemistry Is that calcium plays a 
very dramatic and central role In the excitatory process In vision* This 
suggests that abnormalities In calcium metabolism by ocular tissues may lead 
to impairment of vision. Furthermore, It may be highly significant If any 
pathology of vision could be understood an this baals* Also, the floureacent 
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prob««i diacowered as a result of this project report the nature of the Iso- 
lat*i4 vlbual r»*cepLor plaBma membrane. Tliisi may be of use to others studying 
membranes, particularly those Investigating the biochemistry of Isolated rod 
outer se«mentii. They will contribute to an understanding of the basic bio- 
chemical mechanisms which are Involved in both the normal and pathological 
ajipectti of acotopic vision. 

LVR investigators are studying the renewal of photoreceptor cell outer 
segments, a continuous process which is impaired in some pathological co'di- 
tions such as progressive degeneration or developmental anomalies of the 
retina. The purpose of this project is the elucidation of the biochemical 
events involved in renewal, especially the distinction between transport of 
opsin to the outer segment and any further modifications of opsin necessary 
to produce light-sensitive disc membranes. 

The indication Is that opsin is transported to the rod outer segment 
before the vitamin A chromophore is attached to produce a light-sensitive 
visual pigment. The presence of pigmented epithelium does not appear to 
influence the rate at which the chromophore Is added to newly-synthesized 
bovine opsin which accumulates in the outer segment. 

Isolated frog retinas, on the other hnnd, show little accumulation of 
opsin and seem to add chromophore shortly after opsin is transported to the 
outCir segment. It appears that the final steps In the outer segment renewal 
are regulated largely by the photoreceptors, not by the pigment epithelium. 
This fact has an important bearing on the identification of the cell types 
responsible for the defects in any of the various retinal dystrophies. 
Attempts will be made to demonstrate the location of rhodopsln precursors in 
the rod outer segments and to correlate the amount of precursor seen in frog 
or cow rods with specific differences in the structure of the rods. 

NEI scientists have previously found that there are two types of 
phospholipid which are required for the structure and function of the visual 
pigment rhodopsln. In this project the distinct roles of these phospho- 
lipids were separately investigated. 

The finding that phosphotidylethanolomlne (PE) is directly Involved in 
Isoroerization of all trans retinal to 11 cis retinal is probably the first 
instance in which a "pseudo-enzymic" function of membrane phospholipid has 
been demonstrated. This could provide a model reaction for phospholipid 
- functions In other membrane systems. Another important finding of this pro- 
ject is that abnormal rod functions observed under certain pathological 
conditions, such as retinal dystrophy, may be related to degeneration of 
phospholipids associated with rod disc membranes. For example, phospholipid 
peroxidation by light has been suggested to be responsible for Turkey Blind- 
ness Syndrome, a veterinary disorder characterized by a degenerative 
endophthalmitis with detachment of the retina. 

In the visual receptor cell, the movement of ions across its membrane 
and the control of this ion flow by light-released Intracellular excitatory 
transmitter have been shown by NEI scientists to be basic In the Initiation 
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of thf Hfi;hc detection process of the vi.^ual nystem* The nature of this 
excitatory transmitter, how light and the visual cell control Its passage 
across* !nembrnnes, and how this transinitter in turn regulates movement of Ions 
across the vi>?ual cell membrane are the focal points of these investigations • 

The understanding of how membrane-abound proteins control the passage 
of mater ial^i through membranes is of foremost importance whether these 
materlalH be ions in the photoexcitatory process or ions and substrates of 
various sorts in the processes of development and maintenance of ocular and 
nervous tissue. Revelations of how visual pigments, probably the be>^t char- 
acterized membrane protein, control movement of materials across membranes 
are a ma]or contribution to biomedical research. Tl\e successful adaptation 
of the electron microprobe for the quantitative study of biological cells 
will have impact in many areas of biomedical science because it will fulfull 
the demand for a rapid and sensitive method for determining the ionic 
compositions of cells as small as one micron in diameter • 

The Section on Experimental Embryology In cooperation with the Clinical 
Branch of NEI, the National Institute of Child Health and Human Development, 
and the School of Medicine at UCLA has contributed in the past year to three 
of the five NEI program areas: Retinal and Choroidal Diseases, Cataract, and 
Corneal Diseases, First, it demonstrated that the PE cells of the embryonic 
retina can synthesize fibrillar collagen* This gives substance to the sus- 
picion that these cells may produce the abnormal deposits of collagen seen in 
such disorders as senile maculopathy and Drusen formation* Second, NEI 
scientists working on this project have discovered that collagen-bearing 
lavers produced by retinal PE can induce the sclera • This focuses attention 
on the possible involvement of this epithelium in conditions such as blue 
sclerae and some colobomata* 

In the past year emphasis was placed on in vitro studies extending the 
list of previously identified factors governing the early steps In the 
metaplastic regeneration of lens from the dorsal iris of newts, animals with 
a natural ability to regenerate a normal lens. These findings define more 
vigorously the In vitro conditions that opti^alze early steps in Wolffian lens 
regeneration* This project will continue to focus on the tissue interactions 
Involved in ocular embryogenesis with emphasis on the roles played in morpho- 
genetic foldings and induction by epithelially produced matrices* 

The Section on Experimental Pathology has studied normal and pathologic 
eyes bv light microscopy, histochemistry, transmission electron microscopy, 
and scanning electron microscopy. Several animal experiments are pursued 
for the control study of the corresponding pathologic materials. 

Through the use of the electron microscope this study has revealed that 
microcystlc dystrophy of the cornea epithelium begins with formation of an 
abberant basement membrane within the epithelium. The epithelial cells which 
are trapped beneath the abnormal basement membrane appear to undergo degen- 
erative change and form the cyst. The epithelial layer over the basement is 
free from the cystic change. 



81 



Ir 'iH't'n r.>un<l that ino matur.ili >n ot the oonofui tal H* cntaractous 

♦•HHis,' ! OP ^ -v'll o>j-jn.vns to occur slow, r >hin that of tlu' noma? cell and that 
ihv t\jrlifsr <!<•>•.. 'ncr.ir iVf chanj»,o» svejllnn of Ions +iberH, is t ound In the* 
postt.r {x>r r.|tl".>l .?ojS'. 

Work vltSin thN projert h.Ks rovcinod that it is alnvost ir.ipQbrt.tble to 
separate tht- retina from tht? plgmout opithtillum without breaking the fine 
?;ucrovilli of rJiC l.ittvn- cells. The attachment of the retina to the pij^tnent 
eoithi'liuni ^ippoars to he f inner than t'oneraUy thought. This information is 
nvoi'^nii for umler.s tand ins- the paLhophv.'; ioloqv of retinal detachment, 

''••raile.l stiulv ci pathoJo^'ic niareriala is one of the most basic and 
!n:-vt»nt tjsk;i in blonieaical research. This laboratory is one of a few 
vhich are capable of pursuing this type of research on patholoRic eye 
nuteriih:. 

Al'5o within the Section, retinas of normal rhesus monkey« have been 
i>?K>toi'oa^ulated bv a ruby laser foUowinR the technique identical to that of 
the cltti'cal application. The animals were sacrificed at several time 
intervu.--: .ind the retinas studied histologically, electron microscopically, 
anJ by tvpsin digestion technique for retinal blood vessels. 

A! tho<Ji^!i necrotic chanpsCs in the photoreceptor cells and the pigment 
epithell'in in each burn lesion are extensive, the retinal tissue appears to 
to'.erate tne treatment rather well. Each lesion is sharply circumscribed 
and the repair process seems to take place within the damaged area. The 
structure the retinal tissue between the burns is not disturbed at all. ' 
\o apnrei-iable swelling or cell infiltration has been seen in this normal 
area, rht'5 treatment appears to remove a great number of photoreceptor 
Cells from the retina. The simplification of the tissue may be the reason 
for the olinloallv beneficial effect of this treatment. Small numbers of 
s.avivinv: retinal cells seen to be sufficient to maintain the normal functions 
fV die tethia. The findings of the present study favorably support the use 
of photoci^a^uiation therapy. The multiple laser burn appears to be safe to 
the rvriTiai tissue. 

•'•jTj'-vnR ficveral important contributions in the recent retinal studies, 
de-ion-^f r.itlonr, of the morpholoRic changes of the outei segment membranes by 
llr/fit and of the renewal mechanism of the photoreceptor cells appear to be 
r.5st si;;nU' leant. Retinas of the rhesus monkeys were exposed to continuous 
fla>;he5 of ljf^;ht (ten per second) by an electronic strobe light Installed in 
the lanp house of an ophthalmoscope. The animals were divided into two 
groups, fjroup was exposed for one hour and the other for three dally 30- 

minute exp.isureH. Animals were examined by electron microscope at various 
tiine intervals after the exposure. 

Ml exDDsed retinas began to show pathologic changes in the outer seg- 
ments -it^rting c>n the second day. Two days after the one hour exposure the 
piasr\a reermrane of the outer segment was fragmented and vesiculated and the 
star?: or the disc membranes became irregular. After the three 30-minute 
expr> 41 re-, the outer segments formed knots a few microns away from the ciliary 




junction. The ouu^r Hev^^mentt; closest to the inner segment, which are believed 
to he newlv fuiTjed uortions^ wore lound to be larp,er than the dlntal halves* 
Thin Hui^Ri^'HtH thot rii liJ rt*peatcHl Htlmulatiun resulted in hypertrophy of the 
out\*r He^mvMUH . 

These chnaj^xoH \\i\vo been found to stay in the retina for a long period 
of time. Irre^^uli^r arrangement of the outer aegments was found one year 
after the exposiiri^* Also, a small number of photoreceptor cells In tho 
ej^posed area he>vin to degenerate in the later period* 

It Ih conrion to find pathologic changes which are identical to those 
v>f the piesont experiiT^ent in the outer segments of "normal" human retinaa, 
particularly at the macular xone* Thene findings indicate that the human 
retina mav accumulati;^ photic chaiiges with time and that alonR with certain 
other factors » photic dam^ige may induce macular degeneration. 

The mechanism and nitc of aqueous formation remain major questions in 
<jve phvHiolngv <ind are important to understanding the pathogenesis. The 
function of each layer of the ciliarv epithelium, which has not been clearlv 
shown, is to he demon^^trated by another LVR project using rhesus monkeys # 
Fine structure of the rillary epithelium has been studied after alteration of 
the intraocular pressure in various conditions and durations • The most 
extensively perforated experiment during the past year has been the perfusion 
of the Internal carotid arterv with hypertonic solution* The accumulating 
information from this study is significantly approaching a newer understanding 
of the function of the ciliary epithelium* llie future course of the project 
will attempt to pinpoint the function of the non^pigmented epithelial cell* 

Drugs which destroy cell microtubules reversibly are among those which 
are used comr/ionlv in cancer chemotherapy • It is essential for us to under- 
stand the precise funcricns of microtubules in (^cular cells if we are to 
detemine accurately the dosage levels of anti*-cancer drugs which are safe 
for the maintenance of normal vision. Microtubules are conspicuous components 
of developing lens cells, inner segments^ flliunent regions of photoreceptor 
cells, and nerve axons. It is conceivable that drug overdose could lead to 
cataract formation if it destroys the microtubules In an elongating lens cell 
during a critical period. Likewise, vision may be impaired by disruption of 
microtubules in photoreceptors and axons. Tliis study should help determine 
if any of these ocular cells, which depend on microtubules and microfilaments 
for their normal function, may be sensitive to chemotherapy and other environ- 
mental or hereditary insults. 

The Section on Experimental Pathology studied the ultras true ture and 
function of the pigment cells of the eye, the purpose of which has been to 
investigate and define more precisely the intimate physical and chemical 
interrelationships that exist between the pigmented cells and the visual 
cells of the eye, LVR scientists have utilized an hereditary pathological 
condition as an experimental tool to investigate how the membrane discs of 
the rod outer segments are digested by the pigment epithelium. Analyses of 
normal and mutant cells have been carried out by light microscopy and modern 
techniques of high resolution electron microscopy as well as cytochemistry at 
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both levels* 



fytochemiijtry at the electron microHCOpe level has enabled the invest!** 
natorn to localize within the pigment epithelial cells and choroid cells the 
enzytnes that are involved (acid phosphatoses and catalases)» Differences in 
the packa«in« of these enzymes by normal and mutant plRments epithelial cells 
permit a greater definition of the steps involved in the formation of cryso-- 
aomei* and melanosomes^ NEI scientists have shown that there is more relation 
between these processes than previously known. Such studies on piRmented 
cells of the eye contribute directly to our understanding and managing of 
many retinal and choroidal diseases* 

Studies on Che physiology of the primate visual system were conducted 
within the Section on Neurophysiology during J'Y 1974 • Experiments were com- 
pleted on the analysis of graded, visually evoked extracellular and intraocular 
response from the foveal region of the striate cortex of anesthetized » 
paralysed rhesus monkeys • The findings show that the earliest electrical 
responses detectable in the foveal striate cortex, following light stimulation, 
is a graded extracellular potential which is positive at the cortical surface 
and negative in the gray matter and has a peak latency of about 60 njsec» The 
response is similar at both on-and-off --phases of a light stimulus. There 
are Indications that all three cone mechanisms participate in this response* 
Each cone mechanism contributes a similar potential to the response but 
antagonisms between cone mechanisms is apparent « The proportion in which a 
cone mechanism contributes to the response varies from one area to another ♦ 
This implies topographical differences In the representation of cone mech- 
anisms in the striate cortex. 

Such studies of retinal function at the cellular level should prove 
valuable for understanding vision and the pathophysiology of retinal diseases. 

Ac least three independent Informations-processing systems have been 
distinguished in the primary visual -r^rtex of the rhesus monkey* The 
maloritv of color sensitivity cells respond without regard to stimulus 
shape or direction of movement. Cells in a second group respond only to very 
slowly moving, precisely oriented light bars without regard to color or 
direction* Cells in a third group respond preferentially to stimulus move- 
ments in one direction, without regard to color or line orientation. Most 
cells In this area of the visual cortex (area 17) are thus specialised for 
the detection of a single stimulus feature at the expense of other features. 

The color cells tend to be located in two distinct regions (layers 3B 
and AB) near the termination sites of lateral geniculate axons. Directional 
cells are usually found In layer 4A, which contains axon terminals from 
adjacent cortical regions. Orientation-specific cells tend to occur in the 
upper and lower most layers (2, 3A, 5, and 6), 

It is essential that scientists understand the normal mechanisms of 
informations-processing in the visual cortex before they attempt to define 
the nature of the visual defect In such conditions as congenital cataract, 
strabismus, astigmatism, some types of color deficiency, the aphasias, and 
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disorders of reading (for exanpie dyslexia) In children. 



In cooperation with the University of Vienna in Austria > the Section 
on Siocheriistry of LVR, and the Laboratory of Biochenlcal Genetics at the 
National Heart and Lung Institute, scientists from the Section on Neuro- 
physiology have devised a preparation of the cat retina which has allowed 
then to ciake intracellular recordings from most of the neuronal types therein 
and to stain the neurons with procion yellow dve. This narks the first time 
that such techniques have been successfully applied to any roammalian retina* 
The response>s of *'A*' and '*B*' type horizontal cells, horizontal cell axon 
terminals, both rod and cone llpolar cells, two distinct types of araacrine 
cells, and several classes of ^angl^on cells have been Identified • 

Horizontal cells have been sh )wn to have unusual properties which may 
prove to be broadly significant to ,^ur understanding of the central nervous 
svsceTi. One such astonishing finding was that the axon terminal of the "B" 
type horizontal cell has responses which are unrelated to those found in its 
cell body, ^/here^^s only 40% of the amplitude of the cell body response is 
«tenerated bv rods, SOX of the amplitude of the axon terminal response is 
generated hv rods. Furthermore, the rod signal of the axon terminal has been 
showT\ to be over one log unit more sensitive Chan that of the cell body. Thus 
Che *'B'* type cell body and its axon terminal system appear to be functionally 
independent units, "^ther neuronal types are currently under intensive study 
and it seems possible that an exhaustive description of neuronal properties 
in the cat retinal may emerge in the next few years • 
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genetic conatirutlcn for tnt tre&te^ tvln bx^ his cc^tvln control. This study 
will provide a careful appralsel cf the effectiveness of a clinically acceptabxe 
method of controlling accomocation* 

Other OBE studies r^latiftg to tvitss ijscliudej a thorough description of 
biases and other methodclcgic problesss v*sich taight adversely influence the 
accuracy and validity of twin heritabllity ,'^tu4ies, an attempt to assess the 
role cf genetic factors in d era ruin lag, c«?3nxal levels of Intraocular pressure 
and in determining the size of the ehysiologie cup of the optic nerve head 
as measured by a horizontal cup/di^c ratio, ac&d to assess the role of genetic 
factors in detertnining the intraocular pressure response caused by topical 
application of cort icpsteriod eye drops ♦ 

The Association of University Professors cf Ophthalmology (AUPO) Work- 
shop on Clinical Trials vas coxfeducted by OSE to f atfiiliarlze clinical 
investigators with methods of good cllsiical trials ♦ A panel discussion and 
six presentations: ethics ^ control group axsd randcKJiization, objective 
measures and double-asking, reproducibility of measurements, writing a 
protocol, and practical ap?licatio:;s v^ere held at the AUPO meeting In Novem- 
ber, 1973 ♦ The presentation and discussion were tape recorded and submitted 
to the authors for editing* All materials have been edited, and the manuscript 
is being submitted tc the America JoiJiraal of Ophthalmology for publication. 

In addition to these acti%"itles, OBE prepared a booklet containing infer-* 
matlon supplied by sixteen statr^s vnlch nade up the Model Reporting Area for 
Blindness Statistics (MSA)* Over a period of eight years each state voluntarily 
maintained a registry of its blinds In the booklet OBE classified persons 
added to each state's blind registry according tc their age, color, sex, visual 
acuity, age when blinded, causes of blindness, and other factors. Although 
the data is uniform from state to state and has been very useful to NEI, there 
are no immediate plans to continue the HSA since little additional knowledge 
will gained from its continuence. Efforts are under way, however, to make 
use of MRA data for designing studies directed toward better understanding 
those factors which are associated vith the oajor causes of blindness in the 
United States. 
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ANNUAL REPORT 

OFFICE OF SCIKNTIFIC ilEPOHTS AND PRO'ViLVM PLA.N'I\iNG COORDINATION 

July 1, 1973 - June 30, 19 74 



The NEi Office of Information was redesip.natud as the Office of Scien- 
tific Reports and Program Plannliig Coordination during the year, reflecting 
both the reorganization of public affairs activities within HEW and the 
Inatltute'H own decision to centralize program planning activities within the 
Office of the Director* 

PUBLIC AFFAIRS CUTS AND REORGANIZATION 

On July 19, HEW Secretary Weinberger issued a memorandum calling for the 
reduction in the amount of "self-serving, promotlonally oriented material in 
Government." Each agency was allowed to present its case on which of its 
information activities could he considered "public affairs" (defined by HEW 
to include such public relations functions as publicity, press relations, 
films, exhibits, and other agency-initiated promotional projects) and which 
were not. The Eye Institute supported NIH's argument, which HEW eventually 
accepted, that its infomation program is largely concerned with answering 
public itiqulries, scientific and technical reports, and consumer health 
education. Recognizing this, the Eye Institute, as well as other Institutes 
at NIH, were asked to Identify staff members whose functions were associated 
with public affairs activities. One public affairs staff member from this 
Office was identified who, according to HEW guidelines, was transferred to 
another high-priority area (Extramural) within the Institute. The remaining 
staff were identified by the Institute as having non-public affairs informa- 
tion responsibilities, a classification which was accepted by NIH and the 
Department. 

The above reclassification and transfer resulted in a centralization of 
all Institute/Division public affairs activities in the Office of the Director, 
NIH. Because public affairs was never a major NEI activity, the Information 
activities of the Office have continued generally as before. 

A second part of the public affairs reorganization was the reduction In 
the number of IIVM publications. As a result of the Departmental request, NEI 
identified three of its twelve publications to be eliminated, but retained 
temporary authority to publish its experimental newsletter, 20/20 . 

Aside from corauming a considerable amount of staff time in responding 
to numerable memoranda from NIH and HEW, the impact of the public affairs 
reorganization -on the National Eye Institute has been minimal: no high 
priority publfit cat ions were eliminated, and we have been allowed to continue 
our information activities as in the past with a few minor exceptions. 
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PUBLIC INFORMATION 



Partly as a result of uncertainty concerning the fate of publications 
during the public affairs reorganization, no new fact sheets or health edu^ 
cation booklets on eye disorders were published during the yesr* An HEW- 
Initiated project to produce a booklet on eye care (as reported in last year's 
Annual Report) was temporarily shelved due to uncertainties within the Office 
of Consumer Affairs, HEW, over the future of its consumer publicationa series 
of which the booklet was to be part. An attempt will be made during 
the coming year to publish the completed manuscript for this booklet as an 
NEI publication. 

In cooperation with NEI Extramural and Collaborative Programs, two new 
folders on extramural support programs (Special Visual Sclencei' Research 
Award Program and Specialized Clinical Research Center Grants) were prepared. 
Two issues of 20/20 were mailed to the vision research community • Whether or 
not the Institute is permitted to continue this publication depends on the 
result of a readership survey which will have to be undertaken in the next 
issue prior to obtaining formal 0MB approval • 

The following number of NEI publications were distributed during the 

year: 

Cataract (booklet and Retinal Detachment 2,881 

fact sheet)— ^ 3,926 Refractive Errors 2,835 

Diabetic Retinopathy-^ 3,126 Glaucoma^ — 3,301 

Retinitis Pigmentosa 2,8A1 Corneal Disease 2,673 

Macular Degeneration 2,849 

Statistics on Blindness in the Model Reporting Area, 

1969-1970 367 

Corneal Disease Task Force Reprint 21 

U. S. News and World Report Interview with Dr, Kupfer * 200 

Blindness and Services to the Blind in the 

United States (OSTI Report) 267 

Security is an Eye Patch 48,120 

Requests for the latter publication, supplies of which were inherited 
from the former PHS Neurological and Sensory Diseases Control Program, were 
stimulated by an announcement of its . 'ailability mailed to the nation's 
ophthalmolof.ists by the American Association of Ophthalmology* Over 450 re*- 
quests from practicing ophthalmologists for multiple copies were received, 
resulting in the near depletion of supplies of this very popular booklet* 
Over the past three years, the Institute has distributed over 240,000 copies 
of Security is an Eye Patch. 

Public Inc^uiries 

Approximately 800 written inquiries received by the Office required an 
individually written response, whereas the number of telephone inquiries 
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increased bv appro5cimately 33 percent; over 2,400 telephone calls were 
handletd during thii year. The '.nalority of inquiries concerned cataract, both 
research and ireatment. In particular, there was great public interest in 
phacoeroulsi float ion and the role of nutrition in cataractogenesls and pre- 
vention. Other areas of interest concerned laser treatment of glaucoma and 
diabetic retinopathy and the possibility of individuals coining to the T^atlonal 
Eye Institute for treatment. Replies to approximately 160 letters from the 
public expressing concern with the Institute's support of diabetes-related 
research were prepared. 

The Office responded to 35 controlled, written Congressional inquiries, 
and 96 telephone calls from ConRressional offices. 

Press Relation s 

Five press releases were prepared (new members of the National Advisory 
Eye Council, a warning of the possible damage to the eye when observing the 
Comet Kohoutek's approach to the sun, announcements of the appointments of 
Dr. Nusser and Mr, McManus, and Dr. Kinoshita's receipt of the ARVO Proctor 
Medal.) Eight stories were prepared for the NIH News and Features service, 
mailed to science writers in the professional and general press. Ten stories 
were prepared for the NIH Record . Announcements were mailed to the vision 
research journals concerning new NEI grants and awards, the availability to 
investigators of breeding pairs of rats with inherited retinal degenerations 
(produced under an NEI contract), and other items of immediate interest to 
the vision research community. 

The Office assisted press representatives from the Associated Press , 
U. S. News and World Report , Readers Digest , the Blue Sheet , Woman's Day , 
Medical World News , National Enquirer , U. S. Medicine , and Medical Tribune . 

Miscellaneous 

In cooperation with the Office of Biometry and Epidemiology, the Office 
helped coordinate arrangements for presentation of a workshop on clinical 
trials, in conjunction with the winter meeting of Association of University 
Professors of Ophthalmology. The Office also coordinated arrangements with 
the Laboratory of Vision Research and Clinical Branch for a tour of the 
Institute by AUPO members. 

A public relations proposal concerning the Framlngham Eye Study was pre- 
pared. Its primary objective is to help tnhance patient recruitment efforts 
for the study and to provide means for informing the professional and lay publl 
of the importance of this investigation. Thus far, a radio spot announcement 
was prepared and distributed in the Framlngham and Boston areas, encouraging 
those who had participated in the Framlngham Heart Study to take part in the 
Eye Study as well. Letters encouraging participation in the study have also 
been drafted and will be mailed to prospective participants. Finally, a 
supplement to the NIH science writers service. News and Features , was being 
prepared for distribution to the press and to members of the Study, This 
activity will be pursued further in FY 1975. 
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Ftmr Si.*arch for Health columns wort* pri^nar^d for the NIH Of flee of 
IntornjLtiun cuncernixift lerr^luology rrLiting ro the ovo» t?yo dlneabos^ aye 
di5>i^aHf .1 iav;noHl.s, and method's of treatment whic!) Wt*re mailed to weekly 
newspapers across the United States^ 

Arran»em%?ntii were made in cooperation with the NIH Office of Information 
for nr. Kupfer'a appearance on a Tampa* Florida, television talk show in 
conjunction with the Spring ARVO meeting in Sarosota. The Office coordinated 
arrauiieiients lor interviews with Dr* Kupfer by the Re ade r s JPifies » U> Nuws 
?^J1^ jvor I d Ke p or r , ! \ S . Med ic i ne , and tlie /Wrica n On tame trie Association New s » 

nu» Annual Save Your Vision Week Presidential Proclamation was prepared. 
NEl*s contributions to the NIH Almanac and NIH Annual Report were prepared^ 
The Of t ice coordinated Institute submissions to the NIH Scientific Directory 
and Bibliography a^j well as this Axmual Report. 

A^Hsistance wan provided to the Director in the preparation of presenta- 
tion's before the Association of University Professors of Ophthalmology and 
the \ssooiatloa for Research in Vision and Ophthalmology. 



Following recommendations of the NEI management conference held last 
Septvnber, the then Office of Information was designated as the coordinating 
point within the Institute for program planning and development activities. 
The Information Officer, Julian Morris* was designated as the Planning 
Coordinator. Although. the Information Office had been actively engaged in 
planning activities, this designation reflected the Institute's desire to 
formal i 26 its planning activities and provide better organization and 
f ol lownip . 

The Office has thus had majo*. responsibility for preparation of the NEI 
Forvard (Long Range) Plan as well as special planning documents required by 
N'lH and HEW. It has also; worked with the Executive Officer and budget 
Officer in the drafting of narrative materials related to Appropriations 
Hearings, developed materials for various presen :ations to NIH staff regarding 
program plans » in cooperation with other segments of the Institute documented 
specific needs for additional funds and positions, coordinated arrangements for 
the Cataract Workshop, and assisted in the arrangements for the National 
Advisory Eye Council Program Planning Committee's review of the Retinal and 
Choroidal Diseases, Cataract, and Corneal Disease programs. 

For the coming fiscal year, the Office has major responsibility for coor- 
dinating the Commit tee \s review of the Glaucoma and Sensory Motor Disorders 
program and in following through on the Committee's activities to the drafting 
and publication of its final report. 



PROGR.\M PLANNING COORDINATION 
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INTRAMURAL RESEARCH PROJECTS 



Clinical Branch 

Ballintine, Elmer J*, 

Ocular Hypertension Study 

Aqueous Humor Formation in Monkeys 

Berpsma^ Donald R. » M,D» 

Studies of Choroidal-Retlnal Degenerative Diseases 
Studies of Ophthalmic Familial and Genetic Diseases 

Charles t Steve* M^D» 

Development of Improved Instrumentation for Vitreous 
Surgery 

Elchenbaumy Daniel M. , M.D* 

Combined Clinical and Experimental Animal Study of 
the Pathogenesis of Abnormal Proliferations in 

the Vitreous Cavity 

Foon^ Kenneth f M»D* 

Inheritance of Susceptibility to Lymphocyte 
Transformation Inhibition 

Frank, Robert N., M.D. 
Argon Laser Photocoagulation of Retinal and 

Choroidal Diseases 
Biochemistry of Vertebrate Retinal Receptor Outer 

Segments 

Gaasterland» Douglas M.D. 

Study of the Use of Radioiodinated (1-125) Chloroqulne 

Analog for the Differential Diagnosis and Detection 

of Intraocular Melanoma 
Experimental Glaucoma in the Rhesus Monkey 

Gunkel* Ralph D** O.D. 

Design and Construction of Ophthalmic Instruments; 
Research in Methods of Evaluating Visual Processes 

Kolb, Helga, Ph.D* 

Anatomy and Pathology of the Maimaallan Retina 

Kupfer, Carl, M.D* 

Studies of Parameters of Intraocular Pressure 

Macrl, Frank J., Ph.D. ~ 

Study on the Pharmacodynamics of Various Agents 
Affecting the Intraocular Pressure 



Clinical Btjamch (contQ 
loss, lUryn 

Ciliary Bo<ly Blood Flow and Aqueous Humor Foniui.tion 
In the Rhesus Monkey 

Sullivan, Willlaa Rn , M.D, 

Comparative Treatment of Bullous Keratopathy with the 

Bausch and Lowt> ^*Soflens" and the American Optical 

"Bandage" Soft Contact Lenses 
Studies of the Effect of Histocompatibility (HL-A) 

Testing and Corneal Transplantation 
Treatment of Keratoconjunctivitis Sicca with N--acetyl-* 

1-cysteine 



Laboratory of Vision Research 

Section on Biochemistry 

Kincshita, Jin H. , Ph^D* 

Chemistry and Metabolism of the Lens 
Cataracts 

Chader, Gerald J., Fh.D* 

Biochemical Development and Function of Retina 

and Pigmented Epithelium 
Cyclic Nucleotides and Vision 

Helmsen^ Ralph J*, Ph»D. 

Induction of Buphthalmos In Chicks by Feeding 

a High Level of Glycine 
Chemistry of the Cornea 

Mechai^ism of Herpes Simplex Virus Infection of 
Corneal Cells 

Hess, Helen H. , M*D. 

Biochemical Composition of Photoreceptor » Neuronal 
and Glial Cells of Normal and Pathological Retina 
and Brain 

Levis, Marc S., Ph.D. 
Chemistry of Rhodopsin 
Physical Chemistry of Model Gel Systems 

O'Brien, Paul, J^, Ph.D. 

Synthesis of Sugar-'Containlng Polymers in Retina 
Protein Synthesis in the Retina 

Shichi, Hitoshi, Ph.D. 

Biochemistry of Visual Pigments 




Laboracorv of Vision K^se^irch (cont . 
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Section on Expterim^nt-al Eaibryolog^* 

Coulonsbre* A*J.» Ph.D. 
Ocular Morphogenesis 

Section on £xp<>rin>ental Pathclogg* 

Kuwabara, Toichiro^ M.D* 

Anatomic and Pathologic Studies of Ocular T:^smr 
Effect of xaser on the Retina 
Light Effect on the Retina 

Okisaka, Shigekuni , D* 

Effect of Intraocular Pressure oz rhe C^Iii^r^ 
Epithelium 

Robison^ V, Gerald, Jr,^ ?b*D* 
The Functions of Cell Microtubules aixc ^crcf :.!.ff?>yTT:,f 

in Ocular Tissues 
Ultrastructure and Function of zne Plfimenz ZaZZjh 
the Eye 

Section on Neurophysiolog%* 

Gouras, Peter, M»D« 

Physiology of the Primate Visual System: 

Dow, Bruce M, , M.D* 

Information Processing in the Visual Comex oz tut 
Rhesus Monkey 

Nelson, Ralph, Ph.D- 

Electrophysiological Studies of Mannialiax Bet::.:^^ 



Office of Biometry and Epidemiolo^- 

Otf ice of the Chief 

Kahn, Harold A. 

The Model Reporting Area for Blindness fitarisr-:^:::^ ^^E^t, 
National Health and Nutrition Survey 
Framingham Eye Study 

Comparison of Localized Treatments :rr iz^l^ZLsnZ. 
Disease 

Ganley, James P., M.D., Dr.P.H- 
Systemic and Ocular Onchocerciasis 
Lymphocyte Transformation Respotise *r Presumec 
Ocular Histoplasmosis 
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^^vrtcr; en i.:iinlcal Tria . jini d Nitjral H;:ntory Stud l^ ^^ 

Statistical Ccn:>uUacion, C:>IIafccrat ive Diabetic 
^ « r I ricrat h V < t ic V 

C?*!* Wcrit^n^"- 'lini:ai Trials 

?ji::i€nt Sia^i, Inv€i>t Ua:cr Bias, and thic Dcuble- 



"he R^ric rf Two ?cissoa Variables 



^^Iccn. iu.-y , Ph.D. 

iz^zi<ziz3Li. Susiar-* cf tl'ark Adaptation ax^c Retinal 

.\ccur«cv Ar,c R«ip€at ability of Reading Fundus Photograpbs 



?T^'s:a^lKiT.ce ^ Incideiice and Zconcz^c Cost of Eye Disease 
Sa-'festan Statistical Thecrv ana Methods: A Critical 



^:^htrlaI•!^i^ Fi:*li and Developoental Research 



tvlt Remiss ter f::r Eye Ex^ainaticn^ {TR££) 
zffect cr Treatment on the Progression of >tyopia 
^et".c<cloa:y of Twin Her::.tability Stiicies 
T^e r-fluence of Methocologic Differences on 

^ea5-^re?ni^nti? of Cup -'Disc Ratio 
?re>: .ertcv ri:> tr ibut Ion cf Kcrizcntal Cur.Oisc Ratio 

inc xeila" ionship Between ♦lu? Size and ^l^ther Clinical 

^^•icc^aticn Between the Oscular Hvpertensive Response 
tc Toctcal r5exar?ieth as one and -"^ther Clinical and 
".accrat '^<r-±s^rer!enC5 

Tv:.-: ?r-:c'' cn tne Inr.eritance of Nomal Levels c: 
Irtt r^^'oular Pressure 

Tv^:: Her.t^i: llitv Study of Hcrlrcrtal Cup/Disc Ratio 
"dorsal Eves 
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